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What Does I# Cost? 


Ever try to figure out what it 
might be costing to place this copy 
of MACHINE DESIGN in your hands? 
Based on last year’s cost figures, 
the answer js well over three dol- 
lars per issue, not counting provi- 
sion for taxes—almost two dollars 
per pound. Of course we realize 
that the value to you is many times 
that figure, but as a cost-conscious 
engineer you may be interested in 
the fact that our nominal subscrip- 
tion price of $10 per year (83 cents 
per copy), which we do not charge 
design engineers, would not even 
pay the mechanical costs of type- 
setting, engraving, printing, paper, 
and ink. 

Lest you jump to the conclusion 
that we are philanthropists we has- 
ten to assure you that the adver- 
tisers pay for all this, just as they 
do for all newspapers and maga- 
zines (free or “paid”) as well as 
for radio and television shows. 
We’re proud that our “show” has 
“commercials” which most readers 
find just as welcome as the “pro- 
gram”’ itself. 


This Month's Cover 


In the communication of ideas, 
television is simply following in 
the footsteps of engineers who 
have long depended primarily on 
pictures to transmit ideas, infor- 
mation and instructions. But the 
standard orthographic “blueprint”’ 
leaves fhuch to be desired, and the 
recent trend has been toward a 
better picture, just as TV engineers 








QMOTINUNNULT TAEDA 


keep striving for better tubes and 
circuits to improve their picture. 
Thus John Lane’s article on “Per- 
spective Drawing” on Page 106 has 
such timely significance that we 
asked Penton artist George Farns- 
worth to design a front cover to 
highlight the subject. The values 
of such pictorial presentation ex- 
tend far beyond the conventional 
production illustration with which 
it is generally associated. 


Holes, Big and Little 


Some months ago we drew atten- 
tion to the specific meaning now at- 
tached to the word “shake,” which 
is defined as one one-hundredth of 
a millionth of a second. Now we 
find that so general a word as “mi- 
nute” (small) has specific dimen- 
sional significance, at least in rela- 
tion to hole sizes. A recent court 
decision has ruled that any hole of 
0.050-inch diameter or less is a mi- 
nute hole, which will be news to 
many engineers with somewhat dif- 
ferent ideas on relative size. For 
another aspect of holes, turn to 
Page 116 in this issue. 


Control System Stability 


We are told that all control sys- 
tems fall into one of two categories 
—open loop and closed loop. A 
third type has come to our atten- 
tion but so far no name has been 
proposed for it. It seems that Mr. 
and Mrs. acquired a dual-control 
electric blanket for their double 
bed. Somehow the controls were 
transposed so that Mr. controls the 
Mrs. side and vice versa. When 
Mrs. feels chilly she turns up her 
control, making Mr. too warm, so 
Mr. turns down his control making 
Mrs. even chillier. What happens 
after a few cycles of this is best 
left to the imagination. 


3 USANA 








EDITORIAL STAFF 


Cotin CARMICHAEL 
Editor 

Rocer W. Bowz, Associate Editor 
BENJAMIN L. HuMMEL, Associate Editor 
Rospert L. SrepreLp, Associate Editor 

Leo F. Specror, Assistant Editor 
Keirn A. Carison, Assistant Editor 

Jane H. Smirn, Assistant Editor 

FRANK H. Burcess, Art Editor 
LaurENCE E. Jermy, Consulting Editor 


New York...... B. K. Price, L. E. BROWNE 
ee caches Erte F. Ross 
Pittsburgh ...... .RopertT E. HALi 
a atid lard SOLS _.H. C. TutTrre 
Washington ....... E. C. KREUTZBERG 


BORE 6 sccane Vincent DELPorT 


BUSINESS STAFF 


Rosert L. HARTFORD 
Business Manager 


Mary L. Cattanan, Service Manager 
RicHarp J. STRNAD, Production Manager 
Jack C. GernuarD, Circulation Manager 


Howarp H. Dreyer 
Ricuarp K. Lorz 


Mae FO occ eccvcavccas Russet: H. SMITH 
Epwarp S. LAWSON 
Aran C, BUGBEE 


GCRIAROD vnvecccssncsesc 


7 ' A eee Harotp B. VEITH 
— Jack W. WALTON 
eS | reer ETT eee. F. J. FuLuer 
I, Bk ci vcceeccianas Frep J. ALLEN 


MAIN OFFICE 
Pentor Building, Cleveland 13, Ohio 
Main 1-8260 
Branch Offices 


New York 17 : _..60 East 42nd St. 
Murray Hill 2-2581 


Chicago 11.... 520 North Michigan Ave. 
Whitehall 4-1234 


_...2837 Koppers Building 
Atlantic 1-3211 

ff eer .6560 Cass Ave. 
Trinity 5-3024 

..1123 National Press Bldg. 
Executive 6849 


Los Angeles 48. _ 6262 Commodore Sloat Drive 
Webster 1-6865 


rn 331 South Twelfth St. 
2 Caxton St., Westminster 


Pittsburgh 19 
Washington 4 


Griffin, Ga. 
London, S.W.1... 


Published by 
THE PENTON PUBLISHING COMPANY 


G. O. Hays .. President and Treasurer 
i a EN cpa éveanntoapenest Chairman 
R. C. Jaenxe...Vice Pres., Director of Adv. 
F. G. Sremvesacn.. .Vice Pres. and Secretary 
J. P. Lipxa...... Asst. Secy. and Asst. Treas. 


Also publisher of 
Steel © Foundry * New Equipment Digest 


Published on the seventh of each month. 
Subscription in the United States and posses- 
sions, Canada, Cuba, Mexico, Certral and 
South America: One year $10. Single copies, 
$1.00. Other countries one year, $15. Copy- 
right 1953 by The Penton Publishing Com- 
pany. Acceptance under Act of June 5, 1934. 
Authorized July 20, 1934. 


Ga @y toe 


Sli 


\ 
) 


) 





MACHINE DESIGN—January 1953 


















JANUARY 1953 


Cadillacs or Hot Rods? 


WELL-KNOWN aircraft designer has observed that our military 
machines may be likened to Cadillacs in contrast to the “hot-rod” 
quality of Communist equipment. The parallel is not too far- 
fetched. A military aircraft is strictly a utility vehicle and the con- 
cept of luxury should not enter the picture. : 

What seems to have happened is this: those responsible for the 
design of military aircraft have very properly considered the overall 
effectiveness of the fighting machine plus its human crew, and have pro- 
ceeded on the premise that whatever contributes to the comfort and 
safety of the operators automatically improves the performance of the 
combination. 

The result is a degree of complexity and cost which is assuming ex- 
travagant proportions and may defeat the whole purpose of the approach. 
Each unit of added weight on aircraft requires bigger wings and engines, 
more fuel, heavier frame and landing gear, and so forth, creating a 
vicious spiral that leads to a tenfold weight increase overall. The counter- 
part of Cadillac’= automatic headlight dimmers, pushbutton window lifts, 
air conditioning, etc., on a fighter plane can therefore lead to fantastic 
weight and cost increases. A piece of equipment weighing as little as one 
hundred pounds adds half a ton to the weight of the plane and, at cur- 
rent fighter plane prices, forty thousand dollars to the cost. 

Implications of the situation so dramatically exemplified by fighter 
plane design go far beyond the confines of this particular type of ma- 
chine. The present business boom is largely artificial and undoubtedly 
will soon give way to a more solidly based economic situation in which 
spending will be much less free and buyers of all sorts of goods, includ- 
ing industrial equipment and domestic appliances, will be critical of non- 
essentials. 

Now is the time for design engineers to give the most earnest atten- 
tion to developing utilitarian designs against the days when customers 
are’ less able to afford frills. Careful analysis of the overall effectiveness 
of any dispensable feature in terms of the man-machine combination is a 
must. A little less Cadillac and a little more jeep in our design philosophy 


would be a healthy trend. 











Engineering 


PERSPECTIVE DRAWING 


Presenting engineering infor- 
mation in three dimensions 
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By John F. Lane 


Supervisor, Illustration Unit 
North American Aviation Inc. 
Downey, Calif. 


NABLING the “ *-"ner to present engineering 

information in ciear, easily understood form, 

three-dimensional illustrations have already 
gained wide acceptance in several fields and have 
striking possibilities in supplementing or replacing 
conventional three-view drawings. 

Among the many advantages of perspective en- 
gineering drawings is the lucid visualization possible 
and the simplified portrayal of design information, 
especially to untrained personnel. During the war, for 
example, with the huge influx of less-skilled workers 
into the aircraft industry, the need for basic improve- 
ments in presentation of engineering data became in- 
creasingly apparent. 

At first, a few illustrations were used to supple- 
ment ordinary orthographic, or three-view, drawings 
in more complex structures. These were so successful, 
however, that in many job operations it was decided 
to completely replace the orthographic presentation. 
Such three-dimensional illustrations enable relatively 
unskilled workmen to visualize clearly what the de- 
signer had in mind. Moreover, in structures whose 
cross sections change rapidly along a given axis, a 
single perspective drawing replaces a great number 
of the complex and unnatural orthographic draw- 
ings which actually interfere with attempts to visual- 
ize a part in its finished form. 

In 1943, a form of drafting was introduced at 
North American Aviation, Inc. which at once pro- 
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vided the advantages of the standard orthographic 
drawing and of the full-scale mock-up of the subject. 
The method was called “engineering perspective draft- 
ing’ and was greeted with considerable enthusiasm 
by the manufacturing departments of the company, 
including tooling, subassembly, final assembly, cost 
estimating, purchasing, and material control. The 
method has continued in use and through evolution 
it has gainec wider application. At present, it is used 
almost exclusively for the presentation of certain 
types of design information to the manufacturing 
shops. 

Engineering perspectives are true production draw- 
ings, carrying such information as the bill of materials 
and call-outs for parts and equipment. They are begun 
as soon as the shape and size of the subject have been 
established. They are drawn accurately to scale, and 
from them structural elements can be laid out as 
the design progresses. Thus, the various systems can 
be worked out on these drawings almost as easily 
as in a mock-up. 


Uses of Perspective Drawings: Need for some form 
of pictorial representation is greatest in the presenta- 
tion of engineering information to the shop. The work- 
er’s output is greatly increased, in some cases as much 
as 50 per cent, when illustrations are used to portray 
machine operations, sequencing, and assembling de- 
tails. 
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During critical periods when skilled labor is not 
readily found, industry is forced to fill the gaps with 
novice workers. Many of these people have no prior 
experience with engineering blueprints. Not only does 
the use of engineering perspectives reduce the train- 
ing period of such people, but is also cuts down reading 
time and reduces costly shop errors which usually 
occur when inexperienced personnel attempt to inter- 
pret complicated blueprints. 

Occasionally, in more complicated engineering de- 
sign layouts, the designer may not be able to picture 
the item exactly as it would appear when fabricated. 
A perspective illustration worked in with the pre- 
liminary design enables the designer to accomplish 
his job more effectively and also allows him to inject 
the aesthetic values sometimes needed. 

Wide use of perspectives simplifies and expedites 
the presentation of information in important con- 
sultations, both in the shop and in engineering. In en- 
gineering, some of the most useful pieces of technical 
art are perspective inboards, cutaways, and exploded 
views. These give a clear picture of the total efforts 
on any project. Other uses for the persective inboard 
and exploded views, supplemented by detailed break- 
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down illustrations, are in the production-planning 
department for developing assembly line techniques, 
and in the tooling department for working out pre- 
liminary tooling designs. 

Perspective drawings give prospective bidders and 
customers a clear understanding of proposals and 
related information by presenting all features and 
details in brief and concise fashion. Also, management 
finds illustrated technical data almost indispensable 
in top-level briefing and in personnel-training pro- 
grams. 


Production Perspective Drafting: The perspective 
system is a form of axonometric drawing, using paral- 
lel lines and true direct measurements. This style 
was selected rather than the true perspective method, 
using vanishing points, because of its simplicity and 
adaptability to the standard engineering drafting ma- 
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chine. Vanishing points are not desirable, inasmuch 
as they require projecting all measurements into the 
drawing, and because re-orientation is so difficult 
when changes or revisions are required. Another ob- 
jection to the use of vanishing points in the loss of 
detail at the far end of a long, slender assembly such 
as a drive shaft or the sideways view of an airplane 
fuselage. 

Accuracy in measurements is not important for the 
end use of the drawings but is a big aid to the per- 
spective draftsman in structural development and in 
installation drawings showing systems and parts. 
Accuracy also insures proper orientation for a work 
starting point in future additions and changes. 

Selecting values of the angles for the working axes 
should depend solely upon the product in design. A 
shallow angle lends itself to long, slender assemblies, 
since it fits them into the standard roll-size drawing. 
Deeper angles may be considered for shorter as- 
semblies, that is, where the three major dimensions 
are of the same magnitude. Another consideration in 
selecting the working angles is the desired viewing 
level of the layout: the steeper the working angles, 
the higher the viewing level. 

Working scales of perspective drawings are gen- 
erally determined by the size of the subject, the ex- 
tent of the breakdown into sub-assemblies, and the 
drawing size. The scale range may vary from full 
size to one-eighth size. In aircraft work, where the as- 
sembly breakdown is quite extensive and compara- 
tively small sections are illustrated on a single draw- 
ing, the usual scale is about one-fourth. This large 
scale permits greater detail in installation drawings 
and reduces the necessity for supplementary enlarged 
views. 

An important point to remember in the use of this 
system is its flexibility which, in turn, allows the per- 
spective draftsman considerable freedom in his layout 
of the drawing. 


Drawing Development: The steps in development of 
production perspective drawings for installation and 
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assembly are as follows. Although an airplane struc- 
ture (airframe) is used as an example in these steps 
because it is sufficiently complex to bring out the 
features of the perspective system, the system is ap- 
plicable to any major asembly. 

AxIS ANGLES AND SCALES: Selecting the angle for 
each axis and the drawing scale is very important. 
Care must be exercised because the whole drawing is 
affected by these values. Consideration must be given 
to the purpose of the drawing, the desired viewing 
angle, the shape and complexity of the object, and 
the location of significant components. 

Basic LINES LAYOUT: With dimensional information 
taken from a dimensions book or from loft boards, 
master lines are developed for body stations, wings 
and tail and are given appropriate station numbers as 
shown in Fig. 1. Accuracy at this phase governs the 
accuracy obtainable in the remaining phases of the 
drawing. 

DEVELOPMENT OF STRUCTURE: Based on preliminary 
structural engineering layouts, layout of the struc- 
ture for each subassembly is carried out, preferably 
on an overlay vellum, thus keeping the basic lines 
drawing free for future use. This layout, Fig. 2, con- 
sists of frames, bulkheads, stringers and longerons 
and becomes the master structure drawing from which 
installation drawings for the various parts of the sys- 
tem are made. 

FINISHED INSTALLATION DRAWING: The master 
structural drawing may be used as the basis for any 
drawings to show location of components of a par- 
ticular system. Separate drawings are made for each 
of the systems; thus, the master structural drawing 
is used anew for each system, such as eleetrical, hy- 
draulics, instrumentation and fuel. A vellum is laid 
on the master drawing and the desired system com- 
ponents are spotted over the structure. Information 
for the parts and equipment to be installed is ob- 
tained from the design installation layout; at times 
the information is taken directly from a mock-up or an 
experimental model. Just enough structure is traced 
onto the drawing to tie in the installation completely 
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Fig. 3—Finished installation draw- 
ing shows location of system 
components in master structure 


and to orient the user in the shop with respect to the 
actual assembly. An installation drawing, such as 
Fig. 3, is completed with the addition of the necessary 
detail auxiliary views, call-outs and the bill of ma- 
terials. 


A Working System: Embodying the principles ex- 
plained above, a working system has been developed 
and proved successful at North American for the pre- 
paration of engineering drawings for guided missiles 
and related control equipment. 

The basic working axes are selected to give a 
pleasing eye view with sufficient depth to permit the 
showing of a reasonable amount of top plane informa- 
tion. Schematic representations of the axis layout are 
shown in Figs. 4 and 5. Axis Z, the drawing vertical 
represents the vertical of the ship. A true dimension is 
used in measuring along this axis and all lines par- 
ailel to it. The longitudinal or along-ship axis X is 
laid out at a 15 degree angle from a drawing hori- 
zontal and requires use of true dimensions. Line Y 
at a 30 degree angle from the horizontal is used for 
the lateral, or across-ship axis. An accurate axis de- 
velopment shows that measurements along this axis 
and all lines parallel to it should be shortened 14-inch 
to the inch. This foreshortening maintains a mechan- 
ical development correctness that is needed in this 
system, and also partially compensates for the ap- 
parent distortion inherent in regular axonometric pro- 
jections. 

Ellipse patterns of circle development for the three 
working planes, which are determined by the angles 
of the axes, are shown in Fig. 5. The horizontal plane 
XY and all parallel planes require a 25 degree ellipse. 
The vertical lateral plane YZ and its parallel planes 
take a 35 degree ellipse. The vertical longitudinal 
plane XZ and all parallel planes require a 50 degree 
ellipse. All circle developments that lie askew of the 
working planes are proportionally larger or smaller- 
degree ellipses, depending upon position. 

Measurements must always be made along lines 
parallel to the working axes. A measurement to be 


MACHINE DESIGN—January 1953 





taken, or a line to be located, on the off angle requires 
use of the technique of offset measuring. Fig. 6 shows 
a typical case of locating a line that lies askew of the 
working axis, Point A, which is on the longitudinal 
axis, is located by measuring x, directly along the axis 
from some convenient station or reference point. 
Point B is located by three offset measurements, 22, 
y and 2, which are all parallel to the working axes. 
Engineering design layouts provide the dimensional 
information needed in measuring these offsets. 
Development of basic outlines which are composed 
of compound curves is accomplished in the same man- 
ner as in orthographic layouts. Two commonly used 
systems for this are the second-degree curve system, 
and the standard co-ordinate system. Ordinates for 
the second-degree system are first located in perspec- 
tive. Information required in this system consists of 
centerline points, maximum half-breadth, and shoulder 
points. From these, the curve may be developed by 
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PERSPECTIVE DRAWING 


connecting these points, Fig. 7, and laying out lines 
1, 2 and 3 to locate the developed point. In the 
standard co-ordinate system of compound curve lay- 
out, dimensional information is measured directly 
from a layout and is located on the water and but- 
tock plane network as shown in Fig. 8. 


Proper Techniques: Drawing techniques play an 
important part in developing a well-rounded illus- 
tration. Consideration should be given to these es- 
sentials: good, substantial line work; depictive shad- 
ing, which should be considered to “round out” a 
drawing; and a good balance of relative emphasis 
between reference structure and installation mate- 
rial to be specified. Other than ordinary drawing 
equipment, principal tools required in preparing a 
perspective drawing are a drafting machine, ellipse 
guides, and a foreshortened ruler to make direct 
measurements along the lateral axis. 

If dimensions are required on perspective drawings, 
they should be limited to over-all or special locating 
dimensions, because of the three-dimensional aspects 
of the drawing. For this reason, these drawings find 
their best application when multitudes of dimensions 
are not required. 

It can be seen that with the added depth obtain- 
able in a perspective drawing, the usual two or three 
orthographic views and the necessary sectional views 
are, in most cases, incorporated into one main view. 
Time is thus saved by elimination of the need for shuf- 


Fig. 6—Location of a line on an off angle 
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Fig. 7 — Above — Development of a com- 
pound curve by the second-degree curve system 


Fig. 8—Below—Standard coordinate sys- 
tem for laying out a compound curve | 
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fling through long, multifold blueprints and attempt- 
ing mentally to tie together information contained in 
different views. It will be found also that the prepara- 
tion time for perspective drawings needs to be no 
greater than for the orthographic drawings to be re- 
placed. 


Summary: Use of perspectives can, in many differ- 
ent ways, effect savings in time and money. These 
include: reducing print reading time; reducing break- 
in time for new employees; eliminating many shop 
errors; aiding development techniques for tooling and 
production; aiding management briefings; imple- 


menting training programs and field service work. 

Because of the clear and concise presentation of 
data, further savings are possible because the same 
drawings can either be used “as is” or can become 
the basis for the artwork necessary in the written ma- 
terial required on a job. Such artwork is useful in 
process specifications, factory check-out procedures, 
instruction manuals, product catalogs, parts manuals, 
and sales brochures. 

It can be seen that the uses of perspective draw- 
ings are practically unlimited. As the system is de- 
veloped in a particular field, new applications, lim- 
ited only by designer’s imagination, will be found. 


Plastic Used in Building Scale Models 


pe APT AL, work at the David Taylor Model 

Basin with scale models made of plastic and glass 
cloth indicates that this combination of materials has 
several advantages over wood and paraffin, which 
have been employed in models. Plastic models are 
lighter and easier to handle than other types and are 
equally as strong, factors which are purticularly im- 
portant in high velocity wind tunnel tests. Also, plas- 
tic models can be ballasted more accurately, retain ac- 
curate dimensions longer, and the thinner shells leave 
more space inside the models for the installatio: of 
instruments. 

One method for constructing such models consists 
of making a wood or wax pattern which is finished 
with lacquer, coated with wax, and polished to facili- 
tate its release from the mold. The pattern is then 
coated either with an adhesive or a mixture of equal 
parts of tin and bismuth sprayed to a thickness of 
1/32 to %-inch. It is next suspended in a box filied 
with plaster, which serves as a backing to the ad- 
hesive or metal. 

The pattern is removed and liquid latex is sprayed 
or brushed into the mold to a thickness of approxi- 
mately 1/32-inch. A board large enough to cover the 
plaster mold is sprayed or brushed with latex and ce- 
mented to the latex in the mold to form a bailoon. 
An air valve is inserted in the board. 

Surface of the mold is coated with polyvinyl] alcohol 
dissolved in water, a silicone release and a plastic 
binder to which calor has been added, a. Layers of 
glass cloth 0.003.to 0.015-inch thick are fitted to the 
mold, 0; each layer is coated with the plastic binder 
until a shell from 1/32 to %4-inch thick has been 
formed. 

The deflated latex balloon is placed in the mold 
again, clamped securely and subjected to air or water 
pressure of 10 to 30 pounds for 24 hours, c. After 
the model is removed from the mold, d, ¢.nd polished, 
transparent plastic decks and cover plates are some- 
times added. Appendages to the model can be in- 
stalled easily. 

The mold and balloon can be used many times if 
numerous identical models are needed, and alterations 
of the original pattern as well as the mold can be 
made easily. 
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SCANNING the Field 


for L DEAS 


Seecrive ELECTRICAL 
PROGRAMMING is _ obtained 
through the use of endless bead 
chain in this timer developed by 
M. A. Blouin of Simplex Time 
Recorder Co. Circulating 
through a divided storage com- 
partment and over an intermit- 
tently driven sprocket, the chain 
serves much like a pattern chain 
by being fitted with clips or 
jackets at the desired intervals. 
Passage of the enlarged beads 
over the sprocket actuates a 
switch in the signal circuit. 
Chain length is virtually unlim- 
ited and individual beads can be 
selected to represent minutes, 
half minutes or any other desir- 
able interval. Program altera- 
tions are readily made by rear- 


ranging the spacing of the over- 
size beads. 
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: sia ie Recraneuiar MOTION to produce accu- 
BF rate stepping movements is accomplished with 

YY) 3 an interesting device in the AMA Accounting 
; Hy Step rock Center reader, left. Designed by Bell Telephone 
Laboratories, this reader transforms information 





Step spring perforated on paper tapes into equivalent elec- 
ni trical information that may be properly proc- 

Reso 1 |} Eneons essed. To step the perforated drum over which 
L.----4 the tape rides sixteen times per second, the un- 

Pe sel 5 usual step cam and U-shape follower shown 

above are used. In rotating, cam action is to 


first push the follower down to disengage the 
rack from the gear, then move the follower to 
the right and up into engagement, and finally to 
allow the step spring to pull the follower to the 
left for the desired rotational movement. To 
secure this cycle, the cam has two opposing 135- 
degree sectors of constant radius differing by an 
amount sufficient to permit the required accurate 
movement. Blending of the remaining 45-degree 
opposing sectors is done to produce virtually con- 
stant acceleration and deceleration. To prevent 
any possible movement except in the one-eighth 
eyele during stepping, a cam-activated lock arm 
holds the gear between steps. 
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Heartzss, FLUXLESS WELD- 
ING of nonferrous metals eliminates 
temperature effects and, unlike con- 
ventional welding, actually work- 
hardens the metal. Based on the fact 
that, when subjected to heavy pres- 
sure, metals will unite under intimate 
contact at the surfaces to form a ho- 
mogeneous bond, this process has 
been developed primarily with those 
metals most amenable to molecular 
attraction—aluminum and copper. Un- 
der refinemert by the Koldweld Corp., 
licensees to the General Electric Co. 
Ltd., England, this process shows 
promise of cost savings and improved 
joints for many applications. Some 
typical joints are shown below. Be- 
sides wire other shapes such as tub- 
ing, flat sheets, containers and other 
pieces, both light gage and heavy, 
have been welded as have other met- 
als such as cadmium, lead, nickel, and 
zinc. In spite of the pressures neces- 
sary for successful welding, all but 
the largest sizes can be handled with 
toggle type hand tools, left, or kick 
press. Edge welds, roller seamed 
welds, ring seals, flanged tube joints, 
sheet to tube welds, wire mesh to 
sheet or mesh, and many other welds 
are possible. 
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Buoacu - FITTED 
‘ BUSHINGS eliminate 
the need for close-tol- 
erance limits on holes 
requiring secure lock- 
ing. Made of hard- 








r ened steel with a 
black oxide surface, 
these bushings have a broached OD which cre- quip Corp., the bushings can be made with an 
ates dozens of hard cutting edges. This permits extra broaching step where long fits are desir- 
forcing into castings, plastics, wrought steel, etc., able or with a head flange for shouldering. Chip 
without press fits. Hole tolerances as wide as retainer grooves handie all excess material dis- 
0.002-inch can be used. Manufactured by Aero- placed in inserting. 
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Toucn CONTROL over ram speed and 
force is obtained with a new servo type hy- 
| draulic valve on the Denison Multipress. As 
shown in the accompanying sketch, depres- 
sion of the hand lever raises the shipper rod 
and, in turn, the valve spool through a clevis 
- and yoke. Raising the valve spool opens the 
pressure port to move the ram down. Descent 























of the ram, however, pulls the telescoping arm 
attached to the yoke tending to return the 
valve spool to closed position until the hand 
lever is again moved. Close “feel” control 
with fast response is gained over the total 
ram stroke ranging from a minimum of 1/16- 
inch to a maximum of six to fifteen inches de- 
pending on press size. 
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Fig. 1—Typical keyed shaft and 
hole arrangement with shaft 
showing umequal area of fit 











Fig. 2—Shaft with extrawide keyway, as at 
a, can be ay age to have on opposite 
flat, as at 6, to produce an accurate fit 
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Functional and economic factors in 
selection of tolerances and the 
resulting fits of shafts in holes 


EOMETRICAL centers of holes and shafts do 
not always coincide when assembled, even 
though so shown on assembly drawings. From 

constantly seeing and drawing them in this manner 
a designer is apt to forget that only in a few cases 
does this condition exist. 

An assembly drawing, as a rule, does not show the 
amount of clearance or interference that must be pro- 
vided between holes and shafts. The determining of 
these values and of suitable tolerances is usually left 
to the man who makes the detail drawings. However, 
the success or failure mechanically or economically of 
a part often is determined by the intelligent choice of 
a dimensional tolerance of a few thousandths or even 
tenths of thousandths of an inch. Although mainly 
interested in functional aspects, the man who develops 
the design of the machine as a whole should also be 
interested in economy and, hence should carefully con- 
sider limits and tolerances from both viewpoints. 
Functionally, limits and tolerances can affect eccen- 
tricity, face squareness, bearing preloads, etc. 


Nonsymmetrical Shafts and Holes: When parts are 
perfectly symmetrical and are assembled with an in- 
terference fit, the resulting assembly may have coin- 
ciding geometrical centers. However, if the shaft has 
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an appreciable flat or part of its area removed, it will 
crowd to one side when assembled. The same is true 
if the hole or shaft is provided with a keyway. Even 
an irregular hub shape can cause an eccentric assem- 
bly condition. Usually these amounts of eccentricity 
are too small to affect the functional characteristics 
of the assembly seriously but they should always be 
considered. 

Average or standard width of a typical keyway is 
one-fourth the shaft diameter as shown in Fig.1. As- 
suming dimensions of 2.0000 to 2.0008 inches for the 
hole and 2.0012 to 2.0020 inches for the shaft, and 
minimum hole size and the maximum shaft size, 
the metal interference would be two thousandths of 
an inch. With one-fourth the projected area missing 
on the keyway side, the shaft will offset itself eccen- 
trically, when pressed in the hole, according to the 
ratios of the unbalanced projected areas, or 0.0003- 
inch. If the part is a precision gear of the shaved 
or ground tooth type, it would have an initial permis- 
sible total runout of 0.001-inch between the bore and 
the pitch diameter. This error is the maximum the 
designer expects in the finished assembly of gear and 
shaft. If, however, the gear should be assembled so 
that its runout is compounded with the eccentricity 
due to keyway effect, the total error would be 0.001 


to be disas- 


ne 


plus 0.0003 or 0.0013-inch. This is 30 per cent mue 
than originally intended. 

In the event the keyway is made abnormally wide 
because of requirements other than key load, Fig. 2a, 
this would cause an even more severe condition. To 
eliminate crowding of the shaft to one side, a relief 
of the same width can be placed opposite the keyway, 
as shown in Fig. 2b. Since an interference fit depends 
upon the elasticity of both parts and elasticity of met- 
als is independent of hardness, this condition will ex- 
ist regardless of the hardness of the metals involved. 

Lack of symmetry of parts can cause an out-of- 
square condition as shown in Fig. 3. Here metal in- 
terference opposite the keyway is unbalanced by clear- 
ance at the keyway. The result is that the part, 
which should take a position square with the center- 
line of the shaft really assumes a cocked position 
shown exaggerated in Fig. 3. In actual practice the 
amount of tilt may be several thousandths and can be 
objectionable. 

In all unbalanced interference fits, the greater the 
amount of metal interference, the greater the inac- 
curacy. Two remedies are available: (1) The design 
can be made symmetrical, which eliminates the cause 
of the distortion entirely, or; (2) the metal interfer- 
ence can be reduced, which does not eliminate the dis- 
tortion entirely but does reduce it in direct proportion 
of the reduction of the metal interference. 

When the shaft is smaller than the hole—a clear- 
ance fit—the geometrical centers of the hole and shaft 
will never coincide when assembled. If the clearance 
fit is a running fit, the rotation of the shaft will cause 
the lubricant to build up an oil wedge which will force 
the shaft to one side. With parts having clearance 
fits where there is no relative rotation between the 
shaft and hole, any clamping means such as a set- 
screw will create eccentricity. If the clamping meth- 
od is not radial but longitudinal, as in the case of 
snap rings, any external radial force will move the 
bushing or other part into one-side contact with the 
shaft. 

The average setscrew collar has a reamed hole 
square with the faces and is used on a shaft which is 
slightly smaller in diameter than the hole. The set- 
screw forces the collar to one side as shown in Fig. 4, 
causing the eccentric condition shown. Theoretically 


Fig. 5—Light drive ‘fit for 


sembled may result in forces of intérference fit, 2, are 


introduction of a small hole. 
characteristics 
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Fig. 7—Reduction of hole size during press 

fit of bushings can result in undesirable condi- 

tions, 4, b and ¢ wherein a portion of the bush- 
ing remains full size 








only a line contact exists but actually, due to elasticity 


of parts, this is a small area and it is sufficient to 
square up the collar, if the face of the collar is square 
with the bore. Obviously, if the clearance is of the 
order of 4 or 5 thousandths instead of 1% to 1 thou- 
sandth, the same conditions are present and one fit 
is no better mechanically than the other. Conse- 
quently, collars can be specified to have low-class holes 
with wide tolerances and their mating shafts can be 
considerably undersize with wide tolerances. This will 
effectively reduce the cost of machining the parts but, 
of course, can only be done where the eccentricity will 
not be harmful. 

If a gear or similar part has a clearance fit and is 
positioned with a setscrew, the clearances must be as 
small as possible to minimize the eccentricity. In 
cases where parts must be easily assembled and dis- 
assembled, it would be satisfactory to range from a 
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plunger arran t. 
Wide-limit hole can a be 


used if bore is smooth 











small clearance to a metal-to-metal or snug fit. A 
very light drive fit would be preferable, however, if 
not objectionable from a shop standpoint. If a light 
drive fit is used there would still be a small amount 
of eccentricity due to the flat for the setscrew, Fig. 5. 


Bushings and Liners: A combination of a clearance 
fit and an interference fit is used whenever a bushing 
or liner is pressed into a hole. A few of the funda- 
mental effects of elasticity enter into this particular 
area and must be recognized. All metals are elas- 
tically compressible in volume up to their elastic limit. 
Soft steel, for instance, can be elastically compressed 
up to 1/3000 of its volume and, if stressed beyond 
this point remains permanently compressed. There- 
fore, any metal interference allowance greater than 
that required to develop an elastic press fit is wasted 
effort. Actually, to compress a steel shaft sufficiently 
to change its volume, the entire surface would have 
to be under pressure to eliminate escape sideways. 
The exact amount of this movement can be determined 
according to Poisson’s ratio. In a hole and shaft of 
infinite length this side effect would be negligible or 
zero. 

With these facts in mind a little calculation applied 
to a hypothetical case gives some interesting results. 
Suppose a soft-steel shaft of nominal 2-inch size is 
pressed into an unyielding hole 0.002-inch smaller, 
the unyielding hole being, of course, purely for the 
purpose of discussion. Since the hole by assumption 
cannot yield, the shaft will have to compress elasti- 
cally 0.002-inch in diameter. This would cause a 
change in volume of approximately 1/2090th but, 
actually, any compression beyond 1/3000th of its vol- 
ume would permanently deform it and so this allow- 
ance would be too much. The hole however is not un- 
yielding and it actually elastically yields about as 
much as the shaft. Since this is the case, each would 
yield half of the 1/2000th of the volume or 1/4000th 
of the volume. This is on the safe side but with not 
too large a margin of safety. From this discussion 
it can readily be seen that any greater allowance for 
a press fit defeats its own purpose. 
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Opposing forces created by an interference fit are 
shown in Fig. 6a. Schematically they are shown in Fig. 10—Above—Low-class hole used with 
two directions only but are, of course, equally distrib- pressed-in seals can result in considerable sav- 
uted in all directions. If a small hole is added, the ings if bearing type to allow a simple one- 
condition shown in Fig. 6b arises. As the hole be- step hole is selected 
comes larger it finally causes the forces to distribute 


themselves circumferentially around the bushing and, © Fig. 11 — Below — Comparison of bearin 
instead of elastically compressing radially as shown ‘ mounting hole designs with eye toward code 
in Fig. 6a, they will compress circumferentially as : ing production problems to a minimum 


shown in Fig. 6c. If the hole in the bushing is large 
in relation to its wall thickness these forces invariably 
collapse the bushing. The hole in the bushing is then 
reduced as much or sometimes more than the amount 
of the metal interference on the outside diameter of 
the bushing. 

These facts should be considered when detailing 
bushings and shafts. The detail drawing of a bushing 
has the hole dimensioned to a standard that can be 
reamed and measured in production. Those dimen- 
sions will not exist after the bushing is pressed or 
driven in place. Therefore the shaft should have its 
dimensions based on what the dimensions will be after 
assembly, or the shop must remachine or reream the 
hole after assembly, to bring it back to standard draw- 
ing size. The choice is not optional but depends upon 
the shape of the parts involved and requires care- 
ful consideration. 

In Fig. 7a part of the bushing is compressed and 
part is not. Obviously no shaft allowance will take 
care of such a condition. The bushing must be re- 
machined after assembly by reaming or honing etc., 
and it should so state on the detail or assembly draw- 
ing or both. In Fig 7b the condition is similar to that 
shown at a, but the effect is exaggerated by the bush- 
ing having a thin wall and a large flange. At c is 





























shown how a thin-wall boss surrounding a bushing wise, a hole reamed to wide limits is cheaper to pro- 
can contribute to this condition. duce than one reamed to close limits. ‘The relative 
economy of one hole over the other is still true even 
Designing for Economy: The subject of economy in though the holes are finished by other means as grind- 
production is the most important consideration and it ing, boring, honing or lapping. 
applies to all holes. It is axiomatic that if a drilled The function of the assembled parts should be care- 
hole will do, instead of a wide-limit reamed hole, it fully studied and the lowest cost hole that will allow 
should be used as it costs much less to produce. Like- the parts to function properly for the expected life of 
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the machine should be used. As an example a-spring 
enclosed in a plunger can be used. The sole function 
of the plunger is to keep the spring from collapsing 
or buckling, especially if it is long in relation to its 
outside diameter, Fig. 8. The plunger must be a slip 
or clearance fit in the hole. If the plunger does not 
bear on the wall of the hole, obviously the hole is un- 
necessary and could be of any size or even be elimin- 
ated entirely. If it does bear on the hole as in Fig. 8, 
it will be due to a force tending to push it to one side. 
When this condition exists, the plunger cocks in the 
hole and bears at two diagonally opposite points. The 
rest of the surface of the hole is not in use. So far 
as the action of the plunger in the hole and its wear 
life in number of cycles is concerned, there will be 
little difference if the hole is made to wide limits or 
to close limits. The cocking of the plunger 0.009 in- 
stead of 0.001-inch would not make any discernible 
difference in friction, wear life, spring load, or any- 
thing else except cost. 

A drilled hole of 1/64-inch larger diameter might 
even be used. It would have one drawback. Most 
drilled holes have appreciable ridges or tool marks in 
them. To make sure the sharp corner of the plunger 
could not catch on a ridge it would have to be cham- 
fered. This additional operation on the plunger and 
its cost might more than offset the cost of rough 
reaming the hole to wide limits. 

Another example is that of a spacing collar as 
shown in Fig. 9. The collar must have parallel faces 
and it must have a clearance as shown for ease of as- 
sembly. The clearance is also a manufacturing econ- 
omy as it eliminates the necessity of holding the bore 
of the spacer at right angle to the faces. Whether 








that clearance is a small or a large amount will not 
affect any of the functions of an assembly of this kind 
except balance at high speed, and in percentage it 
would add very little unbalance. Usually in assem- 
blies of this kind, the assembled unit is statically and 
dynamically balanced anyway, to take care of all ac- 
cumulated unbalances of the individual parts. 

Another example is a hole for a shaft seal as shown 
in Fig. 10. Most seals are made with a large allow- 
ance of interference metal for a drive fit. The allow- 
ance is enough to allow a low-class hole with wide 
limits to be used. 

One more point in regard to economy in design of 
holes is worth remembering— it is much more econom- 
ical to machine a through hole to a given size than a 
blind or shouldered hole. A snap ring bearing or a 
flange type bearing, although costing more initially, 
costs less in combination with the shop cost of a 
through hole, than a lower cost purchased part in 
combination with the shop cost of a blind or shoul- 
dered hole, Fig. 11. No tool can hold size close to a 
sharp corner and it is usually necessary to relieve the 
bottom of a shouldered hole in order that a bearing 
will seat properly against the face. 

Although the subject of holes may appear to be of 
elementary scope, shop problems in hole production 
can be difficult, and serious thought given to proper 
specification can result in considerable advantage 
economically. The primary factor in design that must 
be kept in mind is that hole dimensions shon'@ never 
be copied promiscuously from tables or handbooks. 
Full consideration for the functioning of the partic- 
ular parts being designed and suitable modification of 
fits for ease of production must be made. 





Flat Coil Springs Counterbalance Door 








A PAIR of neg’ators are used to counterbalance the 

two 20-pound doors of the Magnaflux Zyglo drier. 
These constant-force spring elements, developed by 
the Hunter Spring Co., open and close the doors ver- 
tically and are mounted on bushings directly above 
the doors. Elimination of wire ropes, pulleys and 
countereweights has saved assembly time and reduced 
maintenance difficulties. 


Strips of flat spring material which in their relaxed 
shape are tight coils, the 0.020 by 2.5-inch neg’ators 
are fastened to the inside of the door at the bottom; 
the remainder of the spring is stored on a 3-inch freely 
rotating bushing. They deliver a 20-pound force when 
extended 24 inches in closing the doors. Force is ex- 
erted as the highly stressed portion of the spring 
which is against the back of the door tends to return 
to its relaxed shape on the storage bushing. These 
neg’ators have been designed for a minimum of 10,000 
operations at 300 F. 

The drier is used to dry parts being inspected with 
Zyglo fluorescent penetrant, which is employed to de- 
tect critical defects 
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RATIONAL and flexible approach to cam de- 
sign, the “polydyne” method embodies two 
fundamental features suggested by its coined 
title. They are the use of polynomial equations to 
define the cam contour and the accommodation in the 


contour of factors offsetting the dynamic character- 


istics of the cam and follower system. 

Polydyne cam design has been evolved through 
successive stages over the last eight years in its ap- 
plication to automotive cams. Basic concepts proved 
successful in this field are potentially as well adapt- 
able to all types of cams requiring control of kinematic 
properties. 


Background: The continuing trend toward higher 
speeds has accented the need to eliminate or at least 
control the unfavorable phenomena of cam dynamics. 
Long recognized, acceleration of the follower system 
must be kept at a low value, since acceleration is a 
direct index of inertia forces (F = ma). This rule 
of nature undoubtedly led to formulation of the con- 
stant-acceleration profile and its ready acceptance. 
No other profile offers lower acceleration. 

However, more than 20 years ago some designers 
observed that rate of change of acceleration must 
also be regarded with care. Instant application of 
acceleration, such as occurs with the constant-ac- 
celeration profile, or sudden changes in acceleration 
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could be even more deleterious because of impact and 
vibration. Malfunction or self destruction were im- 
minent as operating speed or follower mass increased 
under such profile conditions. 

Additional factors causing serious deviations from 
results formerly anticipated with a simple idealized 
profile include slack or clearance, rigidity, and damp- 
ing of the follower system. How some of these in- 
fluences affect true cam action was demonstrated 
effectively several years ago by Hrones! who mathe- 
matically analyzed cam profiles of the type having 
a rise between two dwells. His study included the 
three conventional profiles—the constant-acceleration 
or parabolic, the simple-harmonic, and the so-called 
cycloidal, Fig. 1. Later confirmed experimentally by 
Mitchell,? results showed that vibratory deflections 
were far more severe for the constant-acceleration 
and the simple-harmonic profiles with their points 
of infinite rate of change of acceleration than for 
the cycloidal with its ever finite rate of change of 
acceleration. 

In contrast to the cycloidal, which js classed as 
a continuous function, mixed or discontinuous func- 
tions':* have also been devised for eliminating in- 
finite rate of change of acceleration. In one sense, 
discontinuous functions are most versatile for they 
permit far wider choice of profile design than the 


1 References are tabulated at end of article. 














conventional continuous functions and are giving 
eminently satisfactory service in many critical applica- 
tions. However, since segments of the discontinuous 
type are usually derived from the continuous func- 
tions, certain limitations are simultaneously incurred 
by both. 

But, regardless of the profile selected, it has usually 
defined only the conditions local to the cam and its 
contacting follower. With any clearance between 
parts of the follower system, and a measure of elasti- 
city in each of them, the characteristic displacement 
of the mass being acted upon by the follower system is 
not the same as the follower in contact with the 
cam. Departure is greatest when speed and mass are 
high, stiffness low. 

Acceleration and its rate of change also play parts 
in this action. Acceleration, in producing inertia 
forces, influences the loading and thus the deflection 
of the follower members. Its rate of change can su- 


perpose additional vibratory deflections. Some phe-- 


nomena of cam operation, previously subjects for 
conjecture and often attributed improperly to other 
causes, have been traced to this inherent difference 
in cam “command” and follower mass “response.” 


Polydyne Origin: Problems mentioned in the fore- 
going discussion about cams in general had become 
particularly acute with automotive cams, which have 
some other requirements almost peculiar to them 
alone. Discontinuous functions were generally used 
to obtain valve displacements favorable to inlet and 
exhaust conditions. Variable operating speed _ in- 
troduced another complication; follower system de- 
flection varied with engine speed. Direct analytic 
approach in design was seldom successful. A final 
design was often reached only through trial and error. 

In 1948, Dudley‘ first advanced several new con- 
cepts that gave promise of satisfying automotive cam 
requirements. He proposed first establishing the de- 
sired displacement of the valve, then introducing the 
deflection of the follower system, and finally deter- 
mining the resulting contour of the cam. 

He turned to a versatile mathematical tool—poly- 
nomial equations—as the medium for expression of 
the required relationships. Briefly, the primary value 
of a polynomial equation is its limitless capacity to 
accommodate, through the addition of successive 
terms of different powers, as many conditions as are 
needed to define the action of the mechanism. Its 
other attributes in cam applications will be revealed 
later in more detail. 

Based on Dudley’s main proposals, work was con- 
tinued at Thompson Products in evolving a success- 
ful polydyne method for automotive cam design. 
Essential features of the method were first announced 
two years ago*® but details have not hitherto been 
published. Adequacy of the dual approach afforded 
by polydyne cam design has been confirmed by ex- 
tensive testing. Moreover, cams designed by this 
method are being increasingly applied throughout the 
automotive industry. 


Scope: Although polydyne design stands proved in 
only the automotive field to date, it should find equiv- 
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_ etical” profile accelerations with maximum values of 


alent success in other applications, for through its 
inherent flexibility it can be adapted to any cam 
type, can be employed as a single continuous func- 
tien, or may comprise combinations of different 
functions smoothly joined. Methods are reasonably 
simple and the resulting properties can easily be 
analytically compared with those of alternate pro- 
cedures. 

Far from probing all the possible ramifica: sns of 
the method, this article wil] outline how equations 
can be set up for all cam types. A second article will 
discuss how these equations are modified to counter- 
act the expected deflection of the follower system. 


Fig. 1—Ratio of force on cam arising from vibration to 
product of driven mass and maximum acceleration for 
no damping as determined analytically by Hrones for 
three cam contours. Dashed curves represent the “‘theor- 


+ 1. Comparatively the maximum theoretical accelera- 
tions are: parabolic, + 4; simple harmonic + 4.9; cy- 
cloidal, + 6.3 
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A third and final article will develop an applied and 
fairly complex example. 


Cam Types: Fundamentally, three types of cam 
actions are common. With their designations adopted 
for simplicity in later discussion, they are: 


1. DRD—a rise both preceded and followed by 
dwells. 

2. DRRD—a rise and immediate return, preceded 
and followed by dwells. 

3. RRRR—a continuous sequence of rise, return, 
rise, etc. 


These actions are schematically shown in Fig. 2. 
Viewed comprehensively, each of these three types 
might be designed with either of two criteria in mind. 

Minimum dynamic disturbance may be desired with- 
out regard for the displacement characteristics beween 
terminals of the event. An indexing cam typifies this 
common variation. The cam and follower must simply 
displace a mass from one point to another with mini- 
mum dynamic load. 

Or, dynamic effects are allowed to rise above an 
absolute minimum to provide for an intended char- 
acter of the displacement or some other property. 
This latter criterion is applied in automotive cams. 
Here, the cam’s assignment is to lift the valve quickly 
to open the port and to return it quickly, so that maxi- 
mum flow can occur in minimum time. Accordingly, 
acceleration is permitted to reach a far higher value 
than under the first criterion. 

The three cam types, each with its two variations, 
are next discussed with respect only to the simple 
mathematics of the polynomial approach. 


DRD Cams with Controlled Dynamics: The poly- 
nomial approach is most easily developed by starting 
with a primitive case, Fig. 3. Incidentally, in this 
preliminary presentation of cam mathematics, a 
profile is considered for convenience to develop unity 
displacement in unity time, and will be portrayed in 
Cartesian co-ordinates. Again for mathematical con- 
venience, the initial rise will be shown at the right 
so that a second cam phase, or return, can be con- 
veniently depicted to the left in the second quadrant. 

Assume that the purpose of the profile in Fig. 3 
is simply to displace the follower from y = O0toy = 1 
as the point of contact moves from x = 1toz = 0. 
An elementary polynomial equation defines the dis- 


CAM DESIGN 


placement: 
y= Co + Cx 
By inspection, the coefficients are easily evaluated and 
y=—-1-@ 


It is just as easy to see that this cam is also kine- 
matically primitive. As Fig. 3 shows, at the event 
terminals finite velocity changes are instantaneous 
and acceleration is infinity. This cam, as poor as it 
is, neverthless is the lowly antecedent of all poly- 
nomial profiles. 

The next step in the evolution of a kinematically 
favorable profile is to control the terminal velocity as 
well as the displacement. Then, Fig. 4, the assumed 
conditions are: When x = 1; y = 0,y = 0. When 
x = 0;y =1,y = 0. Throughout this discussion 
the prime notation will be employed to designate suc- 
cessive derivatives of displacement y. That is, y’ = 
dy/dx = velocity; y” = d*y/dx? = acceleration; etc. 
Since for the example of Fig. 4 there are now four 
conditions, the polynomial must be set up with four 
unknown coefficients: 


y = Co + Cie + Cox? + C3 x8 


Also, since velocity conditions have been introduced, 
the velocity equation—the first derivative of y—must 
also be written: 

y = 0+ C0; + 2C2x% + 3 C3 x? 


Inserting the four assumed conditions in these two 
genera! equations gives: 


(x7 = 1, y = 0) 0=>Co + C1 + Co + Cz 
(x =0,y = 1) 1=Co 

(# =1,y’ = 0) 0o=C, + 2C.2 + 3 C3 
(x = 0, y’ = 0) 0-= C; 


With two coefficients evaluated, the first and third 
equations are 


0=-1+C2+ C3 
0=20C2+3C3 


Simultaneous solution uf these equations gives C2 
— -—3, C,; = 2. The specific displacement, velocity 
and acceleration equations are shown in Fig. 4. These 
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is infinity at both ends of the event 
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Fig. 4—Second evolutionary stage of satisfac- 

tory polynomial contours. Both displacement 

and velocity are controlled. Acceleration is fi- 

nite, but its rate of change, jerk, is infinite at 
both event terminals 


equations reveal that acceleration is limited to a finite 
range. However, it has the same fault as the conven- 
tional constant-acceleration and simple-harmonic pro- 
files. Acceleration is instantly applied at the ter- 
minals of the event, producing shock loading. 

The obvious extension of this procedure is to impose 
additional conditions restricting acceleration to zero 
at the event terminals. Accordingly when x = 1; 
y=0,y=0 y°=0. Whenz=0;y=-1, y 
= 0, y” = 0. And, the general displacement poly- 
nomial, to accommodate six conditions, becomes: 


y= Co + Cix + Cox? + C323 + C 4x4 + Cx" 


The general velocity and acceleration equations, also 
required for determination of the coefficients, are by 
simple differentiation: 


y’ = Cy + 2Cox + 3 Can? + 4 Cyr? + 5 C5xr4 
y” =2C2 + 6Cs3x% + 12 Cyr? + 20C52° 


Substituting the assumed six conditions in these equa- 
tions permits simultaneous solution for the coeffici- 
ents. The final displacement equation and curve are 
shown in Fig. 5 with plots of the first three deriva- 
tives. This profile has previously been suggested by 
Gutman.® 

This polynomial offers rather favorable dynamic 
properties; it compares well with the cycloidal form, 
Fig. 1. Without a searching analysis they can almost 
safely be accepted as equivalent forms. Offsetting 
the slight advantage of the 5.8 acceleration for the 
3-4-5 polynomial, versus 6.3 for the cycloidal, is the 
higher rate of acceleration change, or “jerk,” at the 
event terminals, 60 versus 40. 

The term “jerk” will hereafter be used to designate 
the rate of change of acceleration. Because of its re- 
peated use, convenicnt identification of this property 
is helpful, but unfortunately academicians have not 
yet assigned a formal, equally descriptive label. 
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Fig. 5—Third stage of polynomial profile de- 

velopment with displacement, velocity and ac- 

celeration all controlled. Both acceleration and 

its rate of change, jerk, are finite over the en- 
tire event 


Table 1—Coefficient Evaluations 


(for case 2-C: control at x = 1, 
and displacement derivatives = 0) 





Polynomial: y = Co + Cpxr + Cyxa + Cx" + Cye* + --- 


Co qrs eee 
(q—p)(r—p)(s—p)-:-: 





Cp = — 


Co prs - ee 
(p—q)(r—@)(8—q)---> 





- Co pqs :+:: 
te ~ Fae 8) * + * 





—_. Cy par eee 
(p — 8)(q— 8)(rT— 8) --> 








Example: y = 1 + C4gx* + C5x5 + Cgxé + Crx? 


_ (1) 5) (6) (7) 











C= - oe SE om SE 
(1) (2) (3) 
(1) (4) (6) (7) 
Cs = — - 84 
(—1) (1) (2) 
(1) (4) (5) (7) 
Op = -- =—70 


(—2)(—1) (1) 


(1) 4) (5) (6) 
(—8) (—2) (—1) 








Solution: y = 1 — 35a4 + 8425 — 70x6 + 2027 
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Fig. 6—A polynomial profile with zero jerk at 

the event terminals. Maximum acceleration is 

somewhat greater than for lower-order forms 
and is actually tangential to the x-axis 


Discussion of differences between the 3-4-5 poly- 
nomial and the cycloidal is probably only speculation, 
for they are so subtle that they mean little in terms 
of actual cams and cam producing methods. However, 
the comparison is being stressed for a practical reason 
of another sort. When the “dyne’”’ part of the design 


procedure is later described, ease of incorporating 
system characteristics.into a polynomial form, in con- 
trast to any other, will be clearly evident. The “dyne”’ 
phase is not necessarily restricted to polynomials, but 
its application to other types of functions is some- 
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times not possible by rational mathematical methods 
and at best, more difficult. 

The point of diminishing returns is being ap- 
proached in this sequence of successive derivative 
control, but perhaps it has not yet been reached. Con- 
trolling jerk at both terminals of the event is the next 
step. That is, whenz2 = 1;y = 0,y' = 0,y” = 0, 
y” = 0. When x = 0; y¥=-1, xy = @, y” = 0, 
y’’ = 0. These eight conditions establish the general 
polynomial: 


y= Co + C\x 3 Cox? — C3x% v Cy4x* + C5x° + Cex® + Cra? 


To reduce the formidable appearance of larger poly- 
nomials such as these, certain coefficients might be 
immediately evaluated—those that equal zero. Such 
coefficients are easily spotted. If, when x = 0, 
d"y/dx" = 0, then C, = 0. This truth is demonstrat- 
ed for polynomials so far developed by the following 
tabulation which is extended to include the seventh- 
power equation just proposed. 








Initial Zero Derivative Final Powers 
Powers (at r=-0) (with finite coeff.) 
0 and 1 0-1 

0 to 3 y’ 0-2-3 

0 to 5 oe 0-3-4-5 
0 to 7 yyy" 0-4-5-6-7 





Also, Cy is usually given by the assigned conditions, 
since it is equal to the lift—the total displacement. 
That is, the condition—when x = 0, y = 1 — means 
Cy = 1. Therefore, instead of the foregoing equation 
with its eight coefficients, a simpler polynomial can 
be written: 


y =1 + Cyt + C5x5 + Cox® + Crx7 
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With the remaining assigned conditions, coefficients 
C, to C; can be found by simultaneous solution as be- 
fore. However, as the polynomial terms increase be- 
yond two or three, simultaneous solution becomes 
more tedious and more susceptible to error. This 
problem is eliminated by simplified formulation of co- 
efficients shown in TABLE 1 which includes example 
solutions for the coefficients of the 4-5-6-7 polynomial. 

Finally, the resulting equations and pertinent curves 
for the 4-5-6-7 polynomial can be developed, Fig. 6. 
Besides the curves of Fig. 6, the following data help 
evaluate the significance of the 4-5-6-7 polynomial: 








Profile Max. Accel. Max. Jerk Max. Jerk Deriv. 
v ate yit 
Const. Acc. +4 + 00 
Harmonic +4.9 + 00 
3-4-5 +5.8 +30, —60 co 
Cycloidal +6.3 +40 oa) 
4-5-6-7 +7.3 +52, —42 840 





The physical meaning of these figures is best depict- 
ed by a large-scale plotting of the five profiles, Fig. 7. 


Besides the slower rate of application of acceleration 
at the event terminals, and thus of inertia forces, an 
advantage of such a profile as the 4-5-6-7 in some ap- 
plications is the more gradual beginning lift. Hence, 
where timing of related functions is critical, less sensi- 
tive set up or adjustment is required relative to fol- 
lower displacement. Vibratory properties of this 
form have not been investigated, but they are quite 
likely not much inferior to the cycloidal or the 3-4-5 
polynomial, although dynamic loading is obviously 
slightly greater. ° 
In similar fashion, the fourth and higher derivatives 
of displacement can be specified. As this process con- 
tinues, however, nature exacts a toll: maximum ac- 
celeration continues to rise. The technique is possibly 
appropriate only in certain cases to be treated later. 


DRD Cams with Specified Displacements: In the pre- 
vious section, polynomials with successive integral 
power terms were constructed to show a method for 
obtaining a measure of control over acceleration and 





Fig. 8 — Variations of the 
4-5-6-7 polynomial. (a)— 
Effect upon acceleration of 
progressive increases in 
powers. (6) — Characteris- ~ 
tics for the two extreme 
cases, 4-5-6-7 and 4-8-12-16. 
(c)—Characteristics for the 
4-8-12-16 polynomial and 
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its rate of change. The process can be easily varied 
to obtain a desired characteristic of velocity or dis- 
placement. The latter property is perhaps the one 
most usually of concern and is taken as the object of 
discussion here. A similar technique would be effec- 
tive for varying the velocity characteristics. 

Actually, there is no convenient method for specify- 
ing the required displacement curve and then synthe- 
sizing it by the polynomial approach. Perhaps on the 
surface there appears to be a rational procedure in- 
volving the assignment of co-ordinates to a number of 
points along the displacement curve and the estab- 
lishment of a polynomial to satisfy these conditions 
as well as those that must perforce still be assigned 
at the terminals of the event. However, mathematics 
of such a process quick] ybecome overwhelming. Frus- 
tration is avoided by the simple method of plotting a 
number of displacement curves and their associated 
acceleration curves, and progressiv ly varying the 
powers until the desired curve is approached with 
sufficient accuracy. If the desired curve cannot be 
closely approximated by this method, the chances are 
that its dyr«:nic properties are not only uncontrolled 
but intolerable. 

Different displacement curves can be obtained by 
using the polynomial method already outlined except 
that different powers are employed. An example 
quickly describes the technique. 

Assume that the same initial conditions set up for 
the 4-5-6-7 polynomial having controlled dynamic 
properties are again employed. That is, when x = 1; 
y-=0 y =0, y’ = 0, y” = 0. When x = 0; 
y=1,y =0,y” = 0,y’” = 0. Then, with the known 
simplification of the 4-5-6-7 polynomial expressed in 
generalized form, 


y = Co + Crap + C,x1 + C.x2" + C,2* 
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Fig. 9—Simplest polynomial for DRRD profiles 

having zero acceleration at the start of the 

event and zero velocity with finite acceleration 
at juncture of rise and return phases 
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But, let p, q, 7, and s have different sets of values, 
such as: 








Pp q r 8 
4 5 6 7 
4 6 8 10 
4 7 10 13 
4 8 12 16 





Evaluation of the coefficients proceeds exactly as 
before with the aid of TABLE 1. Resulting displace- 
ment, acceleration, and jerk curves are plotted in Fig. 
8. The effect of higher powers is easily observed. 
The higher the powers, the more area under the dis- 
placement curve, and the greater the maximum accel- 
eration and jerk which both shift toward the start of 
the rise. 

Curves of the same powers can be built up on the 
other side of the 4-5-G-7 curve by the simple expedient 
of inverting the calculated points. That is, x; = 1-—< 
and y; = 1—y where 2, y are the calculated co-ordi- 
nates and 2%;, y; are the inverted co-ordinates. Such in- 
version is shown jin dashed lines for the 4-8-12-16 
curve. For velocity y’ only x values would be in- 
verted. Acceleration and jerk curves for the inverted 
displacement curve are also shown dashed in Fig. 8. 

The process of power selection can continue ad in- 
finitum, of course, and there need be no fixed incre- 
ment between the powers. However, application of 
powers according to some systematic plan usually 
facilitates interpolation toward the powers which will 
most closely yield the desired displacement curve. Just 
as the foregoing example demonstrates variations of 
the 4-5-6-7 polynomial, so can similar methods be used 
with the 3-4-5 or any basic polynomial of more terms. 

Laboriousness of calculations can be reduced by 
several means. Work sheet methods can be adopted 
as later demonstrated. A table of powers is almost 
a necessity. One containing most powers of practical 
use in cam design for numbers from 0.10 to 0.99 is in- 
cluded in this article, TABLE 2. Powers of factors 
from 0.01 to 0.09 can be obtained, of course, simply by 
moving the decimal point. 


DRRD Cams: Building polynomial equations for 
cam systems having dwell, rise, immediate return, and 
dwell is the same as for their DRD counterparts ex- 
cept for the assigned conditions. 

Kinematics dictate again that displacement, veloc- 
ity, and acceleration must be zero at the event termin- 
als, but at the midevent point, velocity should be zero, 
displacement, of course, is 1, and acceleration should 
be unspecified. Or, when x = 1;y=0,y' = 0,y” = 
0. When x = 0;y = 1,y’ = 0. It will be assumed 
that the cam is symmetrical and therefore that the 
first half-event characteristics (first quadrant) will 
be duplicated with 2 inverted in the second half event 
(second quadrant). 

Additionally, if acceleration is to be smoothly con- 
tinuous across the axis dividing the first and second 


quadrants, its rate of change must be zero. There- 
fore, another condition is that when x = 0, y’” = 0. 
127 
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10 11 12 13 14 15 16 

. a 

}10 /0100 |00 1000 |0001 0000 | 0000 1000 | 0000 0100 |0000 0010 | 0000 0001 

11 | 121 1331 1 4641 1610 177 19 2 

12 | 144 1728 2 0736 2488 298 35 4 

13 | 169 2197 2 8561 3712 482 62 8 1 

|14 | 196 2744 3 8416 5378 752 105 14 2 

16 | 225 3375 5 0625 7593 1139 170 25 3 

16 | 256 2096 6 5536 1 0485 1677 268 42 6 1 

17 | 289 4913 8 3521 1 4198 2413 410 69 11 2 

18 | 324 5832 | 10 4976 1 8895 3401 612 110 19 3 

19 | 361 6859 | 13 0321 2 4760 4704 893 169 32 6 1 

20 |0400 | 00 8000 | 0016 0000 | 0003 2000 | 0000 6400 | 0000 1280 | 0000 0256 | 0000 0051 | 0000 0010 | 0000 0002 ‘ 

| 

21 | 441 9261 19 4481 | 4 0841 8576 1801 378 79 | 16 3 

22 | 484 1 0648 23 4256 5 1536 i 1337 2494 548 120 26 5 1 

23 | 529 | 12167 | 27 9841 6 4363 1 4803 3404 783 180 41 9 2 

24 | 576 | 13824 | 33 1776 7 9626 1 9110 4586 1100 264 63 15 3 

25 | 625 | 15625 | 39 0625 9 7656 2 4414 6103 1525 381 95 23 5 1 

26 | 676 | 17576 | 456976/ 118813 3 0891 8031 2088 542 141 36 9 2 

27 | 729 | 19683 | 531441] 14 3489 3 8742 1 0460 2824 762 205 55 15 4 1 

23 | 784 | 21952 | 614656/ 17 2103 4 8189 1 3492 3778 1057 296 82 23 6 1 

29 | 841 2 4389 70 7281 20 5111 5 9482 1 7249 5002 1450 420 122 35 10 2 

30 |0900 | 02 7000 | 0081 0000 | 0024 3000 | 0007 2900 | 0002 1870 | 0000 6561 | 0000 1968 | 0000 0590 | 0000 0177 | 0000 0053 j0000 0015 | 0000 0004 | 0000 0001 

31 961 2 9791 92 3521 28 6291 8 8750 2 7512 8528 2643 819 254 78 24 7 2 

32 |1024 | 32768 | 104.8576 | 335544 | 107374 3 4359 1 0995 3518 1125 360 115 36 11 3 1 
/33 [1089 | 35937 | 1185921} 391353 | 129146 4 2618 1 4064 4641 1531 505 166 55 18 5 1 
34 (1156 | 3 9304 133 6336 45 4354 15 4480 5 2523 1 7857 6071 2064 701 238 81 27 9 3 
35 [1225 | 42875 | 1500625} 525218 | 18 3826 6 4339 2 2518 7881 2758 985 337 118 41 14 5 
36 1296 | 46656 | 1679616| 604661 | 21 7678 7 8364 2 8211 1 0155 3656 1316 473 170 61 22 7 
37 [1369 | 50653 | 1874161 | 693439 | 25 6572 9 4931 3 5124 1 2996 4808 1779 658 243 90 33 12 
38/1444 | 54872 | 2085136 | 792351 | 301093 | 11 4415 43477 1 6521 6278 2335 906 344 130 49 18 
39 |1521 5 9319 231 3441 90 2241 35 1874 13 7231 5 3520 2 0872 8140 3174 1238 482 8 73 28 
49 | 1600 | 06 4000 | 0256 0000 | 0102 4000 | 0040 9600 | 0016 3840 | 0006 5236 | 0002 6214 | 0001 0485 | 0000 4194 | 0000 1677 [0000 0671 | 0000 0268 | 0000 0107 | 0000 0042 
41 |1681 6 8921 282 5761 115 8562 47 5010 19 4754 7 9849 3 2738 1 3422 5503 2256 925 379 155 63 
42 [1764 | 74088 | 311 1696 | 1306912 | 548903 | 23 0539 9 6826 4 0667 1 7080 7173 3012 1265 531 223 93 | 
43/1849 | 79507 | 3418801| 1470084 632136 | 271818] 11 6882 5 0259 2 1611 9292 3995 1718 738 317 136 
44/1936 | 85184 | 374 8096 | 1649162 | 725631 | 319277] 14 0482 6 1812 2 7197 1 1966 5265 2316 1019 448 197 
45 |2025 | 91125 | 410 0625 184 5251 83 0376 37 3669 16 8151 7 5668 3 4000 1 5322 6895 3102 1396 628 282 
46 |2116 | 9 7336 | 447 7456| 2059629 | 947429 | 435817] 200476 9 2219 4 2420 1 9513 8976 4129 1899 873 401 
47 |2209 | 10 3823 | 4879681] 2293450 | 1077921 | 506623| 238112 | 111913 5 2599 2 4721 1 1619 5460 2566 1206 566 
48 |2304 | 11 0592 | 530 8416/ 254 8039 | 1223059 | 587068} 281792] 135260 6 4925 3 1164 1 4958 7180 3446 1654 794 
49 |2401 | 11 7649 | 576 4801] 2824752 | 1384128 | 678223] 332329 | 16 2841 7 9792 3 9098 1 9158 9387 4599 2253 1104 
50 | 2500 | 12 5000 | 0625 0000 | 0312 5000 | 0156 2500 | 0078 12U0 | 0039 0625 | 0019 5312 | 0009 7656 | 0004 8828 | 0002 4414 |0001 2207 | 0000 6103 | 0000 3051 | 0000 1525 
| SL |2601 | 13 2651 | 6765201] 3450252 | 1759628 | 897410| 457679 | 233416/ 119042 6 0711 3 0962 1 5791 8053 4107 2094 
| 52 | 2704 | 14 0608 | 731 1616] 380 2040 | 1977060 | 1028071} 534597 | 277990] 14 4555 7 5168 3 9087 2 0325 1 0569 5496 2857 
| 53 | 2809 | 14 8877 | 789 0481] 418 1954 | 2216436 | 1174711 | 622596 | 329976] 17 4887 9 2690 4 9125 2 6036 1 3799 7313 3876 
| 54 |2916 | 15 7464 | 8503056] 4591650 | 2479491 | 133.8925| 723019 | 390430] 210832] 11 3849 6 1478 3 3198 1 7927 9680 5227 
| 55 | 3025 | 16 6375 | 915 0625] 503 2843 | 276 8064 | 1522435| 837339 | 460536] 253295] 13 9312 7 6621 42141 2 3178 1 2747 7011 
| 56 |3136 | 175616 | 983 4496| 5507317! 308 4097 | 172 7094| 967173 | 541616/ 303305| 16 9851 9 5116 5 3265 2 9828 1 6703 9354 
| 57 |3249 | 18 5193 | 1055 6001 | 601 6920 | 3429644 | 195 4897] 1114291 | 635146] 362033] 206358 | 11 7624 6 7046 3 8216 2 1783 1 2416 
| 58 | 3364 | 19 5112 | 1131 6496} 656 3567 | 380 6869 | 2207984] 128 0630 | 742765| 430804| 249866 | 14 4922 8 4055 4 8751 2 8276 1 6400 
59 | 3481 | 20 5379 | 1211 7361} 714.9242 | 421 8053 | 248.8651 | 1468304 | 866299] 511116| 301558 | 177919 | 104972 6 1933 3 6540 2 1550 
| 60 |3600 | 21 6000 | 1296 0000 | 0777 6000 | 0466 5600 | 0279 9360 | 0167 9616 | 01V0 7769 | 0060 4661 | 0036 2797 | 0021 7678 [0013 0606 | 0007 8364 | 0004 7018 | 0002 8211 
| 61 | 3721 | 22 6981 | 1384 5841] 8445963 | 515 2037 | 314 2742] 1917073 | 1169414] 713342] 435139 | 265434 | 161915 9 8768 6 0248 3 6751 
| 62 |3844 | 23 8328 | 1477 6336 | 916 1328 | 568 0023 | 352 1614| 218 3401 | 1353708! 839299} 520365 | 322626 | 200028 | 124017 7 6890 4 7672 
| 63 | 3969 | 25 0047 | 1575 2961] 992 4365 | 625 2350 | 393 8980 | 248 1557 | 156 3381| 984930) 620506 | 390918 | 246278 | 155155 9 7748 6 1581 
| 64 | 4096 | 26 2144 | 1677 7216} 1073 7418 | 687 1947 | 439 8046] 2814749 | 1801439] 1152921| 737869 | 472236 | 302231 | 193428/ 123794 7 9228 
| 65 | 4225 | 27 4625 | 1785 0625 | 1160 2906 | 754 1889 | 490 2227] 318 6448 | 2071191] 1346274] 875078 | 568800 | 369720] 240318] 156206 | 10 1534 
66 |4356 | 28 7496 | 1897 4736 | 1252 3325 | 826 5395 | 545.5160] 3600406 | 2376268] 1568336] 1035102] 683167 | 450890] 297587} 196407] 129629 
67 |4489 | 30 0763 | 2015 1121 | 1350 1251 | 904 5838 | 606 0711] 406 0676 | 2720653] 1822837] 1221301 | 818271 | 548242] 367322) 246105 | 16 4890 
68 |4624 | 31 4432 | 2138 1376 | 1453 9335 | 988 6748 | 672 2988 | 457 1632 | 3108710] 2113922] 1437467] 977477 | 664684] 451985] 307350] 20 8998 
69 |4761 | 32 8509 | 2266 7121 | 1564 0313 | 1079 1816 | 744.6353} 513 7983 | 3545208| 2446194] 168 7873 | 1164632 | 803596] 554481/ 382592] 26 3988 
7@ |4900 | 34 3000 | 2401 0000 | 1680 7000 | 1176 4900 | 0823 5430 | 0576 4801 | 0403 5360 | 0282 4752 | 0197 7326 | 0138 4128 [0096 8890 | 0067 8223 | 0047 4756 | 0033 2329 
TL |5041 |35 7911 | 2541 1681 | 1804 2293 | 1281 0028 | 909 5120] 645 7535 | 4584850] 3255243] 2311222] 164 0968 | 116 5087 | 827212] 587320} 41 6997 
72 |5184 | 37 3248 | 2687 3856 | 1934 9176 | 1393 1406 | 1003 0613 | 722 2041 | 519 9869| 3743906] 269 5612/ 194 0840 | 1397405 | 1006131] 724415 | 52 1578 
73 [5329 | 38 9017 | 2839 8241 | 2073 0715 | 1513 3422 | 1104 7398 | 806 4600 | 5887158] 429 7625| 313 7266 | 229 0204 | 1671849 | 1220450] 890928 | 65 0377 
74 | 5476 | 40 5224 | 2998 6576 | 2219 0066 | 1642 0649 | 1215 1280] 899 1947 | 6654041] 4923990] 3643752] 269 6377 | 1995319 | 1476536] 1092636 | 80 8551 
75 | 5625 | 42 1875 | 3164 0625 | 2373 0468 | 1779 7851 | 1334 8388 | 1001 1291 | 750 8468] 5631351] 422 3513 | 316 7635 | 2375726 | 1781794] 133 6346 | 100 2259 
76 (5776 | 43 8976 | 3336 2176 | 2535 5253 | 1926 9992 | 1464 5194 | 1113 0347 845 9064 642 8888 | 488 5955 | 371 3326 | 282 2127 | 214 4817 163 0061 123 8846 
77 (5929 | 45 6533 | 3515 3041 | 2706 7841 | 2084 2238 | 1604 8523 | 1235 7362 | 9515169} 7326680] 564 1543 | 434 3988 | 334 4871 | 2575550] 198 3174 | 152 7044 
78 |6084 | 47 4552 | 3701 5056 | 2887 1743 | 2251 9960 | 1756 5568 | 1370 1143 | 1068 6892] 833.5775] 6501905 | 507 1486 | 395 5759 | 308 5492] 240 6683 | 187 7213 
| 79 |6241 | 49 3039 | 3895 0081 ; 3077 0563 | 2430 8745 | 1920 3908 | 1517 1088 | 1198 5159 | 946 8276] 747 9938 | 5909151 | 466 8229 | 368 7901/ 291 3441 | 230 1619 
8@ |6400 | 51 2000 | 4096 0000 | 3276 8000 | 2621 4400 | 2097 1520 | 1677 7216 | 1342 1772 | 1073 7418 | 0858 9934 | 0687 1947 |0549 7558 | 0439 8046 | 0351 8437 | 0281 4749 
81 |6561 | 53 1441 | 4304 6721 | 3486 7844 | 2824 2953 | 2287 6792 | 1853 0201 | 1500 9463 1215 7665] 984 7709 | 797 6644 | 646 1081 | 523.3476] 4239115] 343 3683 
82 | 6724 | 55 1368 | 4521 2176 | 3707 3984 | 3040 0667 | 2492 8547 | 2044 1408 | 1676 1955 | 1374 4803 | 1127 0738 | 924 2005 | 757 8444 621 4324 509 5746 | 417 8511 
83 | 6889 | 57 1787 | 4745 8321 | 3939 0406 | 3269 4037 | 2713 6050 | 2252 2922 | 1869 4025] 1551 6041 | 1287 8314 | 1068 9000 | 887 1870 | 736 3652] 6111831] 507 2820 
#4 | 7056 | 59 2704 | 4978 7136 | 4182 1194 | 3512 9803 | 2950 9034 | 2478 7589 | 2082 1574] 1749 0122] 1469 1703 | 1234 1030 | 1036 6465 | 870 7831] 7314578 | 614 4245 
85 | 7225 | 61 4125 | 5220 0625 | 4437 0531 | 3771 4951 | 3205 7708 | 2724 9052 | 2316 1694] 1968 7440| 1673 4324 | 1422 4175 | 1209 0549 | 1027 6966] 873 5421] 742 5108 
86 | 7396 | 63 6056 | 5470 0816 | 4704 2701 | 4045 6723 | 3479 2782 | 2992 1792 | 2573 2741 | 2213 0157} 1903 1935 | 1636 7464 |1407 6019 | 1210 5376] 1041 0624 | 895 3136 
87 | 7569 | 65 8503 | 5728 9761 | 4984 2092 | 4336 2620 | 3772 5479 | 3282 1167 | 2855 4415] 2484 2341] 2161 2837 | 1880 3168 | 1635 8756 | 1423 2118] 1238 1942 | 1077 2290 
88 | 7744 | 68 1472 | 5996 9536 | 5277 3191 | 4644 0408 | 4086 7559 | 3596 3452 | 3164 7838 | 2785 0097 | 2450 8085 | 2156 7115 | 1897 9061 | 1670 1574] 1469 7385 | 1293 3699 
89 | 7921 | 70 4969 | 6274 2241 | 5584 0594 | 4969 8129 | 4423 1334 | 3936 5888 | 3503 5640 | 3118 1719 | 2775 1730 | 2469 9040 | 2198 2145 | 1956 4109] 1741 2057 | 1549 6731 
96 | 8100 | 72 9000 | 6561 0000} 5904 9000 | 5314 4100 | 4782 9690] 4304 6721 | 3874 2048 | 3486 7844| 3138 1059 | 2824 2953 | 2541 8658 | 2287 6792 | 2058 9113 | 1853 0201 
91 | 8281 | 75 3571 | 6857 4961 | 6240 3214 | 5678 6925 | 5167 6101 | 4702 5252 | 4279 2980] 3894 1611] 3543 6866 | 3224 7548 | 2934 5269 | 2670 4195 | 2430 0817 | 2211 3743 
92 | 5464 | 77 8688 | 7163 9296] 6590 8152 | 6063 5500 | 5578 4660| 5132 1887 | 4721 6136] 4343 8845 | 3996 3737 | 3676 6638 | 3382 5307 | 3111 9283 | 2862 9740 | 2633 9361 
93 | 5649 | 80 4357 | 7480 5201] 6956 8836 | 6469 9018 | 6017 0087] 5595 8180 | 5204 1108] 4839 8230] 4501 0354 | 4185 9629 | 3892 9455 | 3620 4393 | 3367 0086 | 3131 3180 
94 | 8836 | 83 0584 | 7807 4896] 7339 0402 | 6898 6978 | 6484 7759 | 6095 6893 | 5729 9480) 5386 1511] 5062 9820 | 4759 2031 | 4473 6509 | 4205 2319 | 3952 9179 | 3715 7429 
95 | 9025 | 85 7375 | $145 0625] 7737 8093 | 7350 9189 | 6983 3729 | 6634 2043 | 6302 4940] 5987 3693] 5688 0009 | 5403 6008 | 5133 4208 | 4876 7497 | 4632 9123 | 4401 2666 
96 |9216 | 88 4736 | 8493 4656 | 8153 7269 | 7827 5778 | 7514 4747| 7213 8957 | 6925 3399| 6648 3263) 6382 3933 | 6127 0975 | 5882 0136 | 5646 7331 | 5420 8637 | 5204 0292 
97 | 9409 | 91 2673 | 8852 9281] 8587 3402 | 8329 7200 | 8079 8284 | 7837 4335 | 7602 3105| 7374 2412] 7153 0140 | 6938 4236 | 6730 2709 | 6528 3627| 6332 5118 | 6142 5365 
98 | 9604 | 94 1192 | 9223 6816] 9039 2079 | 8858 4238 | 8681 2553] 8507 6302 | 8337 4776] 8170 7280} 8007 3135 | 7847 1672 | 7690 2238 | 7536 4194 | 7385 6910 | 7237 $772 
99 | 9801 | 97 0299 | 9605 9601] 9509 9004 | 9414 8014 | 9320 6534] 9227 4469 | 9135 1724) 9043 8207) 8953 3825 | 8863 8487 |8775 2102 | 8687 4581 | 8600 5835 | 8514 5777 
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Ne.) 17 18 19 20 21 22 23 24 25 26 27 28 29 30 |No. 
10 
m 
11 
fr 12 
° 3 
. In cam calculations, numbers 10 to a4 
15 
‘ 99 would be used as 0.10 to 0.99. 16 
; 17 
"i . . 
ft Decimal points would then be lo- 18 
» . * « 20 
c cated to the left of the first digit. se 
” - 5 30 22 
That is, 0.10° = 0.00001, 0.99 23 
“ 4 
" 0.73970037, etc. Thus, values pro- ss 
% ‘ ‘ 26 
z vide calculation accuracy to 23 
% . bd 29 
i eight places. Where no eniries 30 
‘31 H . . 31 
1 ls appear, ciphers occur in the first = 
1 J |x ts ‘ 33 
3 fs i eight places when the decimal 34 
7 I \s 2 point precedes the numbers. 36 
12 {ls 4 1 37 
8 8B 7 2 1 4 
28 73 11 4 1 39 
42 |] \4# |0000 0017 | 0000 0006 | 0000 0002| 0000 0001 - 
63 Bia 26 10 4 1 S 
93 42 39 16 6 2 1 = 
36 4 58 25 10 4 2 es 
97 |i ia 86 38 | 16 7 3 1 +4 
82 fas 127 57 25 11 5 2 1 - 
01 fis 184 85 39 17 4 3 1 46 
66 tig 266 125 | 58 27 13 6 2 1 pl 
24 |B igs 381 182 | 87 42 20 9 4 2 1 4 
04 fla 541 265 | 129 63 31 15 7 3 1 4 
25 |] |b |0000 0762 | 0000 0381 | 0000 0190| 0000 0095 | 0000 0047 | 0000 0023 | 0000 0011 0000 0005 | 0000 0002| 0000 0001 50 
94 51 | 1068 | 544 | 277 141 72 | 36 18 4 4 2 1 51) 
37 | hist | 1486 | 772 | 401 208 108 56 29 15 7 4 2 : 52 | 
76 | 9/53 | 2054 | 1088 | 577 305 162 85 45 24 12 6 3 1 1 53 
27 | bio) 2822 | 1524 | 823 444 240 129 69 37 20 11 5 3 1 54 
11 | 5s 3856 | 2120 | 1166 641 352 194 106 58 32 17 9 > 2 1 | 55 
54 | Tis) 5238 2933 1642 919 515 288 161 90 50 28 15 8 4 2 | 56 
- n | 7077 4034 | 2299 1310 747 425 242 138 78 . <o 23 3 : 88 
9512 5517 | 3199 1855 1076 624 362 210 121 4 1 58 
o? | E/@ | 2 2719 7504 | 4427 2612 1541 909 536 316 186 110 65 38 22 13 | 59 
| | | |0001 6926 | 0001 0155 | 0000 6093 | 0000 3656 | 0000 2193 | 0000 1316 | 0000 0789 | 0000 0473 | 0000 0284 | 0000 0170 |0000 0102 | 0000 0061 | 0000 0036 | 0000 0022 | 60 
Bi a) 22418 1 3675 | 8341 5088 3104 1893 1155 704 429 262 159 2 59 36 | 61 
fie} 29556 18325} 11361 7044 4367 2707 1678 1040 645 400 9 
SL fie! 38796) 24441 1 5398 9700 6111 3850 2425 1528 962 606 382 240 151 95 | 63 
ae |p) 50706) 32451) 20769) 13292 8507 5444 3484 2230 1427 913 584 374 239 153 | 64 
([/6| 65997| 42898) 27883 1 8124 1 1780 7657 4977 3235 2102 1366 888 577 375 244 | 65 
aS IM) 8 5555 5 6466 3 7267 2 4596 1 6233 1 0714 7071 4667 3080 2033 1341 885 584 385 | 66 
as |piz| 110476| 74019) 49593) 33227| 22262] 14915 9993 6695 4486 3005 2013 1349 904 605 | 67 
as ||| 142118] 96640) 65715) 44686; 30386) 20663) 14050 9554 6497 4418 3004 2042 1389 944 | 68 
mo | (| 18 2152 | 125685| 86722) 59838} 41288) 28489 19657) 1 3563 9358 6457 4455 3074 2121 1463 | 69 
|| |% |0023 2630 | 0016 2841 | 0011 3988 | 0007 9792 | 0005 5854 | 0003 9098 | 0002 7368 | 0001 9158 | 0001 3410 | 0000 9387 |0000 6571 | 0000 4599 | 0000 3219| 0000 2253 | 70 
7, ||| 296068} 210208] 149248/ 105966) 75235; 53417| 37926) 26927| 19118] 13574 9637 6842 4858 3449 | 71 
2 ||i2| 375536 | 270386) 194678| 140168| 100921) 72663| 52317; 37668| 27121 1 9527 1 4059 1 0123 7288 5247 | 72 
ry |E/| 474775 | 346586| 253008) 184695] 134827) 98424| 71849) 52450| 38288] 27950 | 20404 1 4894 1 0873 7937 | 73 
3 | fit} 598327) 442762| 327644) 242456] 179418] 132769] 98249) 72704] 53801] 39812 29461| 21801 16133}  11938| 74 
9 /1\%| 751694] 563771/ 422828| 317121} 237840| 178380| 133785| 100339| 75254| 56440 | 42330) 31747) 23810) 17858| 75 
S| P)%8| 941523] 715557) 543823] 413306] 314112) 238725| 181431| 137887| 104794) 79644 60529| 46002} 34961]  26570/ 76 
ean | 117 5824} 905384] 697146] 53 6802 | 41 3337/ 31 8270 | 24 5068| 188702) 145300] 111881 | $6148] 66334) 51077) 3.9829 72 
, 46 4226| 1142096] 890835} 694851] 541984| 422747] °329743| 257199] 200615 4 
1) | | (22 | 182 8279 | 143 6440/ 1134787) 89 6482| 708221| 559494] 442000) 349180| 275852] 217923 | 172159] 136006| 107444] 8 4881| 79 
9 | | |8@ }0225 1799 | 0180 1439 | 0144 1151 | 0115 2921 | 0092 2337 | 0073 7869 | 0059 0295 | 0047 2236 | 0037 7789 | 0030 2231 |0024 1785 | 0019 3428 | 0015 4742] 0012 3794 | 80 
3 | ||81| 278 1283 | 225 2839] 1824800] 1478088} 1197251] 969773| 785516| 636268] 515377| 417455 | 338139] 273892] 221853) 17 9701| 81 
x | pez | 342 6379 | 280 9631 | 230 3897| 188 9196 | 1549140] 1270295 | 1041642} 854146 | 700400] 574328 | 470949 | 386178) 316666) 25 9666 | 82 
s | [83 | 421 0440 | 349 4665 | 2900572] 2407475 | 1998204) 165.8509 | 1376563] 1142547] 948314] 787100 | 653293 | 542233] 450054) 37 3544 | 83 
3 | | (S| 816 1166 | 433 5379] 3641719] 305 9043 | 256 9596] 215.8461 | 1813107| 1523010 | 1279328] 107 4636 | 902694 | 758263] 636941) 53 5030| 84 
85 | 631 1342] 536 4640] 455 9944| 3875953 | 329 4560] 2800376 | 238 0319| 2023271 | 1719780] 1461813 | 124 2541 | 1056160] 897736] 76 3075 | 85 
3 | ||88| 769 9697 | 6621729] 569 4696] 489 7438 | 4211797] 3622145 | 311 5045] 267 8939 | 2303887] 198 1343 | 1703955 | 146 5401| 126 0245| 108 3810 86 
| | {82 | 937 1892 | 815 3546] 709 3585| 617 1419 | 536 9134 | 467 1147 | 406 3898| 353 5591 | 307 5964| 267 6089 | 232.8197 | 2025531] 176 2212] 153 3125] 87 
1 | [{88 2238 1655 | 1001 5856 | 881 3953| 775 6279 | 6825525] 600 6462 | 528 5687| 465 1404 | 409 3236| 360 2047 | 316 9802 | 278 9425] 245 4694| 216 0131 | 88 
| | »/88 /1379 2090 | 1227 4960 | 1092 4715| 972 2996 | 865 3466] 7701585 | 685 4411| 610 0425 | 5429379] 483 2147 | 4300611 | 3827543] 3406514| 303 1797 | 89 
‘ | ||9 |1667 7181 | 1500 9463 | 1350 8517] 1215 7665 | 1094 1898 | 0984 7709 | 0886 2938 | 0797 6644 | 0717 8979 | 0646 1081 [0581 4973 | 0523 3476 | 0471 0128} 0423 9115 | 90 
+ | |/91 |2012 3507 | 1831 2391 | 1666 4276 | 1516 4491 | 1379 9687 | 1255 7715 | 1142 7520| 1039 9043 | 946 3130] 861 1448 | 783 6417 | 713 1140] 648 9337] 590 5297] 91 
| | [82 |2423 2212 | 2229 3635 | 2051 0144 | 1886 9332 | 1735 9786 | 1597 1003 | 1469 3323 | 1351 7857 | 1243 6428 | 1144 1514 |1052 6193 | 968 4097| 890 9369] 819 6620 | 92 
” | ||83 |2012 1257 | 2708 2769 | 2518 6975 | 2342 3887 | 2178 4215| 2025 9320 | 1884 1167 | 1752 2286 | 1629 5726 | 1515 5025 |1409 4173 | 1310 7581 | 1219 0050] 1133 6747 | 93 
* | ||9# [3492 7983 | 3283 2304 | 3086 2366 | 2901 0624 | 2726 9986 | 2563 3787 | 2409 5760 | 2265 0014 | 2129 1013 | 2001 3552 | 1881 2739 | 1768 3975 | 1662 2936] 1562 5560 | 94 
© | })9% }4181 2033 | 3972 1431 | 3773 5360| 3584 8592 | 3405 6162 | 3235 3354 | 3073 5686 | 2919 8902 | 2773 8957 | 2635 2009 |2503 4408 | 2378 2688 | 2259 3554] 2146 3876 | 95 
2 | |[9 |4995 s680 | 4796 0333 | 4604 1920] 4420 0243 | 4243 2233 | 4073 4944 | 3910 5546 | 3754 1324 | 3603 9671 | 3459 8084 |3321 4161 | 3188 5594 | 3061 0171] 2938 5764 | 96 
5 | |/97 |5958 2604 | 5779 5126 | 5606 1272 | 5437 9434 | 5274 8051 | 5116 5609 | 4963 0641 | 4814 1722 | 4669 7470 | 4529 6546 |4393 7650 | 4261 9520 | 4134 0934| 4010 0706 | 97 
2 | |/88 |7093 2176 | 6951 3533 | 6821 3262} 6676 0797 | 6542 5581| 6411 7069 | 6283 4728 | 6157 8033 | 6034 6472 | 5913 9543 |5795 6752 | 5679 7617 | 5566 1665) 5454 8431 | 98 
99 | 8429 4319 | 8345 1376 | 8261 6862 | 8179 0693 | 8097 2786 | 8016 3058 | 7963 1428 | 7856 7814 | 7778 2135 | 7700 4314 | 7623 4271 | 7547 1928 | 7471 7209] 7397 0037 | 99 
129 


MACHINE DESIGN—January 1953 











The simplest polynomial satisfying these conditions is 
y— Co + Cia! xa Cox* - C323 - C4x* + C5x° 
which reduces to 


y - | Cox? . Cyx* - C5x° 


By use of the method given in TABLE 1, the coeffi- 
cients can be evaluated and the final equations for 
displacement and its successive derivatives are given 
in Fig. 9. If dynamics of this cam form are to be 
closely controlled, Fig. 9 shows that with unequal pos- 
itive and negative acceleration peaks, the maximum 





Table 3—Coefficient Evaluations 


(for cases 1-A, 1-B, 1-C, 2-A, and 2-B) 


At terminal point (where x = 0): 


a, b, Cy ML 
Co hy, C, =- , C2 = —.,, C; = —, etc., C, - 
1! 2! ! n! 
where h, = lift and a, bi, c,, m, = assigned values for 


successive terminal derivatives of displacement. 
At initial point (where z = 1): 
qrs +++ Cy 


C : 
(q—p)(r—p)(s—p):-:: 





(q 1)(r—1)(s—-1)--+a, 
(q—p)(r—p)(s—p):-- 

(q — 2)(r—2) (8s — 2) --- dB 

2 (q p)(r—p)(s—p)--- 
(q — 3) (r—3) (8s —3) +--+ ey 


(3) (2) (q — p) (r — p) (s— p) 


(q n)(r—n)(S8—Mm) +++ Mm, 


m! (q — p)(r— p)(s— p) chet. 
prs - *-* Co 
(p—q)(r—q)(8—q)-:-- 
(p 1)(r—1)(s-—-1) +--+ a, 
(p — q)(r—q)(s—@q) - —_ 


(p — 2) (r—2)(8— 2) +--+ by 
2(p—q)(r—q)(s—q):-- 


(p — 3) (r—3) (8 —3) --+ ec 
(3) (2) (p — q)(r—aq)(s —q) talih, 


(p —n)(r—n)(s—n) - ++ m 


n! (p—q)(r—q)(s—q)-:- 


C,, C,, etc., follow the same pattern shown for C, and 
C,. Power symbols p, q, r, etc., may arbitrarily represent 
any whole number power without regard for a strict se- 
quential relationship. 
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value is greater than desirable or necessary. 

Maximum acceleration for the same initial condi- 
tions can be reduced by altering the powers of the 
polynomial and bringing the positive and negative 
peaks into near equivalence. In such a power change 
for this profile type, the second power should not be 
altered, for the term containing it defines acceleration 
at « = 0. Neither should any powers whose coeffi- 
cients were found to be zero from the conditions be 
reinstated. Hence, in this case power changes must be 
confined to the last two terms. 

As a trial, which proves to be satisfactory, let the 
powers 2-4-5 be replaced by 2-5-6; that is, 


y = 1 + Cox? + C5x5 + Coxe 


The results are shown in Fig. 10. Here the maximum 
values for positive and negative acceleration are ap- 
proximately equal (5.24 versus —5). Additionally, 
just as the absence of the third power yielded zero 
jerk and tangential acceleration at x = 0 in the orig- 
inal 2-4-5 equation, the absence also of the fourth 
power in the 2-5-6 equation. yields a zero fourth deriv- 
ative (not shown in Fig. 10) and tangential jerk at 
zs = 0. 

If tangency of acceleration to its horizontal axis is 
desired at 2 = 1, there should be added to the condi- 
tions: when x = 1, y’”” = 0. Manipulation of the 
powers again would permit equalizction of maximum 
positive and negative acceleration, though at a higher 
value than when jerk was not limited to zero at x = 1. 

A demonstration of progressive changes in powers 
is given by Fig. 11 for a group of higher-order poly- 
nomials. The conditions for each of these curves are: 
When x = 0; y = 0.350, y’ = 0, y’” = 0. When x = 1; 
y-0,y =0,y”" = 0,y” = 0, and y” = 0. These 
curves characterize the type successfully adapted to 
automotive cams. 


2 TEPER a 


Fig. 10—Effect of changing 2-4-5 pane 
of Fig. 9 to 2-5-6 to obtain near equivalence of 
maximum positive and negative acceleration 
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RRR Cams: Continuously intermittent action given 
by these cams might also be obtained by eccentrics or 
linkages with greater advantage in many applications. 
However, if such are desired, they can be specified in 
terms of a polynomial. If the rise and return portions 
of the action are to be equivalent, and to yield a con- 
tinuous acceleration curve, the following conditions 
can be set: When x = 0;y=1,y’ = 0,y’” = 0, and 
when x = 1;y = 0,y' = 0,and y’”” = 0. The basic 
polynomial is 


y= Co sm C\x +> Cox? a C323 + C424 a C525 
which from the conditions reduces to 
y = Co + Cox? + Cyx* + C525 


Upon evaluation of the coefficients by simultaneous 
equations, the expression for displacement is given in 
Fig. 12. The acceleration curve is symmetrical with 
maximum values of +5. TABLE 1 could not be used in 
evaluating these coefficients because its use is lim- 
ited to consecutive derivatives of zero value at x = 1. 

If, for any reason, displacement or any other prop- 
erty is to be distorted, such as with a more rapid rise 
at the start of action than at the close, powers of the 
polynomial can be altered to produce such effects. As 
long as the same initial conditions are retained, ac- 
celeration will continue as a smooth though unsym- 
metrical curve. 


Polynomial Boundary Conditions: Preceding discus- 
sion has shown how profiles for different types of 
cams may be developed in step-by-step fashion. As a 
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CAM DESIGN 


corrolary, this design method can be restated in a 
more generalized form. Familiarity with the system 
from this point of view may facilitate its adaptation 
to different design circumstances. So far, at the be- 
ginning or end of the cam event, the only controls 
have been zero, or no control at all. 

As is quite apparent in this development the poly- 
nomial equation applied to cams is based exclusively 
upon event boundary conditions. With the term “‘con- 
trol” meaning the process of intentional assignment 
of boundary conditions, polynomials can be classiiied 
according to two attributes: location of control and 
degree of control. 


Location implies: 


1. Control of the terminal point (where x = 0, 
y = l, etc.). 
2. Control of the initial point (where x = 1, y - 
0, ete.). 
Three different degrees of control might be exer- 
cised at either of the foregoing control locations: 


A. No control. 
B. Assignment of zero to one or more displace- 
ment derivatives. 
C. Assignment of finite quantities to one or more 
displacement derivatives. 
These three different degrees of control usually pre- 
vail for different derivatives in most cam polynomials. 
Terminal control might be considered first. With 
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no control the coefficients of x are unrestricted. If 
y = h, the expression for y must have a constant 
equal toh. But if y’ = 0, coefficient of the x term in 
the expression for y must be zero. Similarly, if y” = 
0, the x* coefficient must be zero. This process can 
be carried on for any given number of derivatives 
desired. Conversely, if any given derivatives must 
not equal zero, the corresponding coefficient for the 
x-term at its proper power must not equal zero. These 
facts hold absolutely for conditions 1-A and 1-B. 


For condition 1-C ify’ = a,,y=...+a@"+...; 
ify” =~ b,9 =... + (0,2°/2) +...;ify” = ce, 
y=... t [e,%8/(3)(2)) + . or, if y to the nth 


derivative equals m,y = ... + (ma"/n!) +... 

Now, controls can be considered at the initial point 
(where x = 1). Here controlled conditions for a spe- 
cific power of x need not be assigned. Whether the 
first derivative of y or the nth derivative is being con- 
trolled, the coefficient may be applied to an x-term of 
any power, if that term is not already controlled by 
an assigned coefficient at either end of the event. That 
is, there must be as many terms in the polynomial for 
y as there are assigned controls, including zero coef- 
ficients. In rare cases, controls on both ends may be 
provided by a single term. But generally, only when 
no control is required at the terminal for a given 
derivative may the corresponding power term be used 
for a control at the initial point. 

For the case 2-B, the values for the coefficients are 
readily established no matter how many derivatives 
are required. Let the polynomial have the general 
form: 


y=h+ C,xp + C,xt + Cprt + C,x" + 


where Cy = Ah, the lift. Then, the coefficients can 
be evaluated according to the equations earlier given 
in TABLE 1. Incidentally, these coefficient equations, 
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Fig. 12—Basic polynom- 
ial for RRR type profile 
















































as well as those of the same type to follow, have been 
derived by methods ordinarily employed in the solu- 
tion of simultaneous equations. Direct manipulation 
and substitution proved more facile than the method 
of determinants, despite the obvious laboriousness for 
multiterm polynominals. 

Next, for cases 1-A, 1-B, 1-C, 2-A, and 2-B (only 
case 1-C added to the cases just discussed), the coef- 
ficient equations are given in TABLE 3. These equa- 
tions in this table, as well as those in TABLE 1, hold 
for any number of terms and for assignments of any 
controls, exclusive of case 2-C. This flexibility dimin- 
ishes when case 2-C is encountered. No “master” 
coefficient equations can be set up that apply univer- 
sally. Instead, when the control circumstances are 
assigned, coefficient equations can readily be devel- 
oped for those particular conditions. 

For example, if two power terms (p and q) apply 
and y’ = a) ata = 1, 








then 
q Co ao (q—1)a, 
o,= -— oe eo 
(q—p) (q~-p) (q—p) 
(q—2)b, (q-—3)c, 
2 (q-p) (2) (3) (q — p) 
p Co ao (p—2)b, " 
* (p-a)—s (p--)_— 2p) 
(p—3)c, 
(2) (3) (p—q) 
Further, if three power terms (p, q, and r) apply and 
if y’ —a, and y” = by, at x =1, one coefficient will be 
“ qr Cy (r—q-—1)do (q—1)(r—-1)q, | 
, (q—p)(r—p) (q-p)(r—-p) (a-p)(r—p) 
bo (q—2)(r-2) b, 
(q- p)(r—p) 2(q—-p)(r—-p) 


(q—3)(r—-3) cy 
(3)(2)(q—p)(r-p) 


Next, if four terms are used with y’ = a, y” = Do, 
and y’” = c, atz = 1, 


oP =P) =P) 
(sr+sq—s+rq—r—q+1)dpo 
(q—p) (r—p) (s—p) 
(q—1) (r—1) (s—-1) a, re 
(q—p) (r—p) (s—p) 
(q—2) (r—2) (s—2) by, Co 


2(q—p)(r—9)(s—p)  (q—p)(r—p) (s—p) 





(s+r+q—3) bo 
(q—p) (r—p) (s—p) 











(q—3) (r—3) (s—3) ec, 
2 (3) (q—p) (r—p) (s—p) 





From here on the pattern becomes complicated and 
cumbersome. With this type of equation, finite val- 
ues, or zeros, may be used for a,, b;, c,, and ap, Do, Cp. 





Three-Stage Example: Mathematical principles so 
far developed can be demonstrated by a hypothetical 
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design based on different types of controls. Suppose 
that a cam is to be designed with a total lift of 2.3 
units over a 20-increment range and with three dis- 
tinct stages of action as follows: 





1. A rapidly starting rise over 19 increments to a 
lift of 1 unit; starting with zero velocity, ac- 
celeration and jerk; and finishing with a ve- 
locity of 0.5 unit per 10 increments, and zero 
acceleration and jerk. 

2. A constant velocity of 0.5 units per 10 incre- 
ments over a 2-increment range (lift = 0.1.) 

3. A slowly starting rise over 8 increments to a 
lift of 1.2 unit; starting with a velocity of 0.5 
unit per 10 increments, zero acceleration and 
jerk; and ending with an acceleration of —0.3 
unit per 10 increments squared, and zero veloc- 
ity and jerk. 


Expressed in symbols, these conditions are: 








Stage 1 Lift Velocity Acc. Jerk Range 
Initial ho = 0 a = 0 bo = 0 Co = 0 “2,=1 
Terminal h, = 1 a,=—>-05 b=0 ec, =—0 

Stage 2 

Initial ho = 0 a — —-0:5 bo =0 Co—0 x, = 0.2 
Terminal h; =0.1 a, = —0.5 0b, =0 c;=—0 

Stage 3 

Initial ho = 0 a — —-0.5 bh = 90 Co—0 2x, = 0.8 
Terminal h; = 1.2 a, =—0 b, = —0.3 c,;=—0 





STAGE 1: From the tabulation of conditions it is ob- 
vious that the eight conditions for stage 1 require a 
polynomial of eight terms. Furthermore, it will be 
recalled that terminal conditions automatically dic- 
tate the assignment of specific powers: 0, 1, 2, etc. 
And, initial conditions permit the arbitrary assign- 
ment of any powers to the remaining x-terms. There- 
fore, the general equation for stage 1 is 


1y = Co + Cix a Cox? + Csx3 + Cpa + 
Cort + Cx" + C,2" 


From TABLE 3 and the assigned conditions, Cy = 
h, —1,C, = a, = —05, C, = 0,/2 = 0, Cs = c,/ 
(3)(2) = 0. Next, for a rather rapid starting rise, 
let the remaining powers be: p = 6, q = 8, r = 10, 
s = 12. Then C,, for example, can be calculated from 
TABLE 3: 


(8) (10) (12) (1) (7) (9) (11) (—0.5) 


(2) (4) (6) (2) (4) (6) 
= — 20 + 7.21875 = — 12.78125 





C,= -—- 


Only two terms of the equation for C, are involved 
because the remaining terms contain b,, c,, etc., which 
; are equal to zero. Applications of the remaining co- 
efficient equations of TABLE 3 lead finally to the equa- 
tions for stage 1: 


1y = 1—-0.5 X — 12.78 x8 + 29.53 28 — 23.97 x19 + 6.72 x12 





1y’ = —0.5 — 76.69 x5 + 236.25 27 — 239.69 x9 + 80.63 a}! 
1y” = —383.44 xt + 1653.75 2® — 2157.19 2° + 886.88 110 
y’” = — 1533.75 x3 + 9922.5 x25 — 17,257.5 x7 + 8868.75 x 


A quick check of the equations against the assigned 
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CAM DESIGN 


conditions is advisable at this stage. Such a verifica- 
tion can be conducted visually since displacement and 
its derivatives are to be checked at x = l anda = 0. 
Values can be calculated with the aid of powers given 
in TABLE 2, and resulting curves can be plotted, Fig. 
13. 

STAGE 2: Since stage 2 is simply a constant-velocity 
portion, no calculations are required. Because condi- 
tions at the terminal point of stage 1 and the initial 
point of stage 2 were assigned the same values, the 
plotted curves are continuous, Fig. 13. 

STAGE 3: A somewhat different problem is encoun- 
tered in the third stage. In stage 1 the derivatives are 
based on 10 increments totalling a range of 1. If the 
various functions are to be continuous, the 8-incre- 
ment base of stage 3, resulting with a range of 0.8, 
must be adjusted. If any term without correction 
were C,,x", then the corrected term is C,,’x" = C,,x”"/x," 
or, C,’ = C"/x,". This compensation is universally 
required. It had not been demonstrated for stage 1 
since (,%,)" = (1)" = 1. Applying this adjustment 
to stage 3 gives C,,’ = C,/(0.8)". 

Next, the remaining powers must be selected for 
stage 3 consistent with the conditions prescribed. For 
lowest possible acceleration, the following powers are 
chosen: sp = 4, sq = 5, gr = 6,38 =7. Then, from 
TABLE 3, 


Ce 1 [ b; ] 
C2’ =— =- = 
(32)? (3x,)? 2! 


1 —0.3 ]- —0.15 
(0.8)2 L (1)(2) (0.8)2 


Next, coefficients for the 4,5,6 and 7 power terms 
(initial conditions) can be obtained from the general- 
ized equation developed in the foregoing for case 2-C. 
Because @,, bp, Co and c, all equal zero by assignment, 
this earlier equation reduces to the form: 











(q— pyr PP) 
(sr + sq—s+rq—r—qt1)a 


(q—p)(r — p)(s — p) 





(q — 2) (r — 2) (8 — 2) By 
2(q— p)(r— p)(s— p) 





Then, with range adjustment taken into account, this 
equation gives 
0; Stn td 
(3a,)4 (0.8)4 (1) (2) (3) 
(7) (6) + (7) (5) —7+ (6) (5) —6—-5+1] (—0.5) 
_ (1) (2) (3) - 9 ii 








(3) (4) (5) (—0.3) \ 

(2) (1) (2) (3) 

1 —33 
-—-.- (—42 + 7.5 + 1.5) = - 
(0.8)4 (0.8)4 


Coefficients C;’, C,’ and C,;’ are found in the same 





133 








fashion. The foregoing shortened equation for C, 
(p=4) can be rewritten for C, (q=5) by interchang- 
ing the symbols p and q. Or, 


(sr + sp — s+ rp) 
_ e 
(p —q)(r —q@) (8 —@) 


te. 





Cc _- - -_ ” —— 
*  (p- @q)(r -@) (8 — q) 


This same process applies to the evaluation of C,’ 
and C,’. 
Finally, the coefficients in summary are 


Cy. = —0.15 /(0.8)2 = —0.23438 

Cy, = —33.0 /(0.8)4 = —80.56641 
Cs = +78.3 /(0.8)5 = +238.95264 
Ce = —64.75 /(0.8)§ = —247.00165 
C; +18.4 /(0.8)7 = +87.73804 


The displacement equation is 


2¥ = 2.3 — 0.23438 2? — 80.56641 x* + 238.95264 2° — 
247.00156 2° + 87.73804 2* 


Obtaining derivatives of the displacement equa- 
tion requires that each successive derivative must 
also be adjusted with respect to the range. That is, 


d (C,'x") = da [C, (x/2,)"] = nC, (2/2,)"™ 
=e (C,/2z,""1) gn-1 


But the actual term in the displacement equation is 
C,,/2z,", not C,/z,"—1. Since a, (C,/2z,") = C,/2,"—}, 


d (C,’ x") = nz, (Cp/xz,") xr) 


This result means that in the process of differentia- 


























Stage 
= oe a + + 


a 6 





Fig. 13—Three stage 
example with displace- 
ment and acceleration 
plotted at (a), veloc- 
ity and jerk at (b) 
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CAM DESIGN 


tion the existing coefficient must be multiplied by 
the range x, as well as by the power n of 2. 

Then by differentiation of the displacement equa- 
tion, velocity is 


3y’ = — 0.375 x — 257.8125 x + 955.8105 at — 
1185.6079 25 + 491.3330 x6 


Again for acceleration the x, multiplier is effective 
and 


3y” = — 0.3 — 618.75 x2 + 3058.5937 x3 — 
4742.4317 x4 + 2358.3984 x 


Similarly, jerk is 


sy” = — 990 x + 7340.625 22 — 15,175.7814 x3 + 
9433.5938 a4 


Plots of these equations are shown in Fig. 13. 


Summary: Applying polynomial equations to the 
development of cam contours is analogous to the 
process of curve fitting with polynominal equations 
—finding the polynominal equation of a curve that 
passes through a certain group of points. But in 
polydyne cam design, the points to be matched by 
the equated curve are related to more than the dis- 
pl«cement curve. Some of the points are also effective 
for the successive derivatives of displacement. 

The method provides for the matching of prescribed 
conditions of both terminals of a cam event by a single 
polynominal equation, or subevents of different na- 


LIGNMENT of spline teeth in comb circles manu- 

factured for the worsted yarn industry is an 
interesting example of precision hand assembly. Comb 
cireles for the worsted yarn industry are heavy cast- 
alley rings through which a series of concentric 
veureles of holes are bored, each row of holes being 
drilled and blanked to carry teeth of a different cross- 
sectional shape. At the R. H. Hood Co., spring-steel 
spline teeth are inserted through the ring to form a 
circular comb with multiple rows of specially shaped 
teeth. 

The final step of manufacturing comb circles con- 
sists of aligning, by hand, each tooth by slipping a 
preshaped pin set over the tooth and straightening it. 
The pin sets, manufactured by Superior Tube Co., must 
fit perfectly over the entire length of the tooth. They 
must be hard enough to bend the teeth for aligning 
and must also possess ductility to prevent fracturing 
during straightening. Pin sets are made in a range 
from 0.026 to 0.105-inch OD and 0.017 to 0.023-inch 
ID of high-carbon AISI E-52100 alloy steel. 

Advantages claimed for the seamless tube pin sets 
are speed and accuracy, effecting savings in man-hours 
and reducing the number of production rejects. 
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Seamless Tubing Aligns Teeth 








tures, each with its own mathematical function, may 
be readily joined. Portions of curves between pre- 
scribed terminal conditions can be adjusted by selec- 
tion of powers. 

For simple conditions, writing the general displace- 
ment equation and its derivatives, inserting the pre- 
scribed conditions, and solving simultaneously yield 
final working equations with little trouble. For more 
involved conditions, with many unknown coefficients, 
use of generalized formulations such as those dis- 
cussed in the latter part of this article is almost 
mandatory. 

Contours so developed can be directly applied to 
the cam in any system where the motion of the mass 
at the end of the follower system strictly adheres 
to the character of the follower motion at the cam. 
But when flexibility, clearance, or mass of pertinent 
elements deny such adherence, the cam contour should 
be modified to accommodate the effects of these in- 
fluences and impart to the end mass of the follower 
the desired motion without distortion. How to analyze 
cam and follower systems for these disturbing in- 
fluences and account for them in cam design will be 
discussed in the next part of this series. 
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Bellows Replace Springs in New Coach 


| Soares air bellows made of rubberized nylon 

tire fabric replace conventional metal leaf springs 
in a new General Motors coach, a. The coach body is 
suspended on eight bellows, two on each wheel, b. 
Compressed air is metered to an air chamber, consist- 
ing of a rectangular, rubber-lined sheet-steel box, and 
the connected bellows, c, by valves actuated by chang- 
es in position of the axle relative to the coach body, d. 
As the coach is loaded, air pressure from the coach 
storage tanks is automatically increased to keep the 
body at its original level. Direct, double-acting air- 
craft shock absorbers are used on both sides of the 
front and rear axles to control rebound and further 
cushion impact, while rubber-mcunted radius rods, e 
and f, prevent lateral, longitudinal and torsional move- 
ment of each axle. 








Air suspension accomplishes two purposes: (1) per- 
mits response to faint vibrations, especially in the 
higher frequencies where metal leaf springs fail to flex 
because of friction between leaves, and (2) makes 
possible a progressive rate of deflection, unlike leaf 
springs which deflect at a uniform rate. Thus, all 
kinds of road shock and vibration, from simple tire- 
tread vibration to heavy impact from deep chuck 
holes, can be absorbed. 

Among other features of the new coach are large 
“picture” windows, measuring 20 by 72 inches and 
the one-level floor with a minimum of wheelhouse 
projection through it. A full load of 41 seated pas- 
sengers, each with 45 pounds of baggage, plus the 
driver and 100 gallons of fuel result in a rear-axle 
loading of 18,000 pounds. 


Briquetting Press Has Double Compression Stroke 




























T° EQUALIZE density in “green” 

powder-metal parts, upper and lower 
rams of the briquetting press, right, both 
travel through a compression stroke. Since 
the die table “floats” between the two 
punches, a definite, adjustable ratio is estab- 
lished between top and bottom pressure 
for compacting metal powder briquets with 
uniform density. 

Having a total stroke of 5 inches and a 
compression stroke of 1 inch, the upper 
punch, bottom next page, is operated by 
a crank. Stroke is adjusted by turning an 
eccentric sleeve on the crank pin, through 
a worm and worm-wheel arrangement ac- 
cessible from the front of the machine. 

The lower punch has a maximum com- 
pression stroke of 1 inch with an additional 
ejector stroke of 3 inches. Driven through 
two sets of helical bevel gears, a cam 
operates a toggle mechanism, the upper arm 
of which moves a slide. This compression 
slide always makes a 1-inch stroke, but 
actual compression stroke is adjusted by 
means of a compression-adjustment nut 
and sleeve which changes position of the 








ram to vary the compression. 

First, the amount of fill is determined by moving 
a fill-adjustment nut on the ram to rest against a 
bracket, and so limit the downward stroke. From 
this position, the compression-adjustment nut and 
sleeve are varied to give the amount of compression 
stroke needed. Thus, if the nut is 44-inch away from 
the compression slide when both are in their lowest 
positions, a 34-inch stroke will result. 

The ejector rocker arm, operated from a drum cam, 
moves up against an adjustable nut which controls 





Ejector Drum 
m 


stroke of the ejection, and down against the top of 
the fill-adjustment nut to move the punch back to 
its original position. A safety, consisting of a spring- 
loaded link, keeps the ejector from breaking should 
a punch be locked in the up position. 

Having a capacity of 35 tons on both punches, 
the No. 360 press built by Arthur Colton Co. uses 
a 7144 hp Reeves variable-speed unit with a V-belt 
drive to the flywheel. A double Maxitorg clutch acts 
as both a brake and as an adjustable-torque drive 
to the briquetting press. 
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| Ase prints up to 20 inches wide are conveyed 

by an ingenious combination of conveyor belts 
and a pressure-vacuum system in the Copyflex 14 
reproduction machine, right. Sensitized paper and 
original are fed into the machine, below left, and 
carried by cotton contact bands around a trans- 
parent cylinder containing a 1400-watt mercury arc 
quartz lamp, below right. The exposed copy print is 
then held to the under side of the contact bands by 
a partial vacuum inside the printer cabinet. A stream 
of air from a narrow slot along the length of a 
tubular separator unit is, at the same time, directed 
against the bottom side of the original. Thus, a 
low-pressure area created by the resulting Venturi 
effect on the under side of the original separates the 
original from the copy sheet, permitting the original 
to fall into a receiving tray. 

After passing through the developer roll assembly, 
which meters the amount of developer applied, the 
print is conveyed through a dryer consisting of upper 
and lower horizontal wire-mesh conveyors and two 
sets of bands at the rear of the machine. Outside air, 
drawn into a duct running through the transparent 
cylinder surrounding the lamp, is evenly distributed 
along the length of the cylinder through holes in the 
duct, thus simultaneously cooling the outside cylinder 
surface in contact with the paper and picking up 
heat. This heated air is directed through dryer ducts 
at both sides of the print. Two 300-watt Calrod 
heaters warm the dryer contact bands. 

A centrifugal blower operating at 800 rpm, rather 
than the conventional pressure-type fan, was found 
by Charles Bruning Co. Inc. to provide the required 
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CONTEMPORARY DESIGN 
Vacuum-Pressure System Handles Large Reproductions 










































flow of 500 cfm of air at a static pressure of 14-inch 
of water without operating at an excessive noise level. 
Air intake to the blower provides the partial vacuum 
in the printer chamber and draws air through the 
dryer ducts, and the exhaust supplies air to the 
separator through flexible hose. 
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Hc BARS and shafts are automatically held 

straight and concentric while going through a 
controlled cycle in a new Gleason Works quenching 
machine, below. The heated part is placed on the 
lower rollers, bottom left, and the completely auto- 
matic cycle is started. The upper pressure-roller 
holder, bottom right, moves down, closing a guard 
and placing a positive preload on the part to guaran- 
tee exact positioning. Lower drive rollers rotate the 
part, and as it rotates a controlled volume of quench- 








Quenching Machine Automatically Straightens Shafts 


ing fluid is directed at the end of the part, across 
the part, or in both directions at the same time. 

The bar or shaft is held straight by securing the 
ends of the part between two lower drive rollers and 
a single upper pressure roller, equally spaced around 
the part. A forced straightening deflection is applied 
at several points along the shaft by raising and lower- 
ing idler rollers with a rack and gear arrangement 
driven by a shaft incorporating universal joints 
(photo at left). Pairs of lower drive rollers help 
rotate the part, while pairs of 
upper pressure rollers, either 
spring-loaded or set with an in- 
terference fit, hold the part firm- 
ly against these drive rollers to 
maintain concentricity. 

Six speeds are possible by 
changing the position of a drive 
belt on two three-step cone pul- 
leys, with the output going to 
a worm-gear reduction unit. 
Drive-roller brackets are mount- 
ed so that the output shaft of the 
reduction unit passes through 
a gear in the bracket which 
meshes with a gear on each 
roller shaft. Thus, a positive, 
uniform drive is provided, yet 
drive-roller brackets can be posi- 
tioned anywhere along the part 
to be quenched. Limit stops 
restrict axial movement and 
their positioning, along with 
; 4 that of the rollers, may be alter- 
Poa 4 ed to fit various length parts. 
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A Designer's Guide to 


Vitreous Coating 


Service Properties 


By Robert L. Stedfeld 
Associate Editor, Machine Design 


ELECTION of a porcelain enamel for specific 
service involves not only knowledge of the types 
of coatings available, but also knowledge of the 

properties of these enamel coatings. In a previous 
article (December, Page 165) types of enamels were 
outlined. This article presents a summary of service 
properties, grouped and classified for simplified selec- 
tion of an enamel. 

As previously mentioned, vitreous coatings provide 
excellent protection in three general service areas: 
They resist acids, alkalies, chemicals and corrosion; 
they are suitable for high temperatures and for pro- 
tection against high-temperature oxidation; and their 
glass-like properties make them ideal for resisting 
abrasion and wear. A fourth, nonfunctional area of 
interest is the possible appearance value of porcelain 
enamel. Required service properties can often be ob- 
tained in a coating that is both attractive and appeal- 
ing. 

Determination of the service properties of porcelain 
enamels has been a constant area of research within 
the enameling industry, but because of the multitude 
of enamels available, progress in systematic classifica- 
tion of properties has not been rapid. Adoption by 
ASTM of several standard tests for porcelain enamels 
within the last year or two should help to promulgate 
use of standard tests for evaluating properties of por- 
celain enamels. 
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Present test methods shown in TABLE 1, are designed 
for comparison of one porcelain enamel against an- 
other, rather than for evaluation of enamels in terms 
of absolute criteria. Intended primarily for standard 
cover-coat enamels, test methods are adequate for 
the usual range of conditions but cannot always be 
extended to cover extreme cases, such as acid-resist- 
ance of glass linings. 


Optical Properties 











Although appearance of the surface is often not the 
essential consideration in porceiain-enameled compo- 
nents, in most present applications sales appeal and 
attractive appearance have been prime objectives. 
Consequently, much work has been devoted to extend- 
ing range of color, reflectance and other visual factors. 


Opacity and Reflectance: Strictly speaking, opacity 
and reflectance are not the same thing, since opacity 
is a measure of hiding power and reflectance of ab- 


141 


sorption of incident light rays. But for white glossy 
enamels, reflectance is the practical, commonly used 
measure of opacity. 

Reflectance of 74 to 78 per cent is the usual prac- 
tical standard for titanium enamels, although reflect- 
ance of 80 to 85 per cent is entirely feasible at normal 
application weights of 20 to 30 grams per square foot. 
Similarly, zirconium-opacified enamels are usually ap- 
plied to attain a reflectance of about 75 per cent; acid- 


resisting grades of antimony enamels normally run 60 
to 68 per cent; and nonacid-resisting grades of the 
same enamel, 73 to 75 per cent. 

Titanium enamels are more opaque than either 
zirconium or antimony enamels. Reflectance of 74 to 
78 per cent can be attained with titanium-opacified 
enamels at application weights of 18 to 20 grams per 
square foot, whereas 40 to 45 grams per square foot 
would be required for zirconium enamels and 45 to 55 


Reflectance 


Purpose: To determine diffuse reflectance 
and _ reflectivity of white  porcelain- 
enamels. 


Results: Determination of reflectance- 
fraction of light falling on a porcelain- 
enameled surface that is diffusely re- 
flected, expressed as a decimal fraction 
or per cent at a thickness or weight per 
unit area; and reflectivity—reflectance 
at a thickness so great that additional 
thickness does not change the reflectance, 
expressed as a decimal fraction, 


Method: Specimens are illuminated at an 
angle of 45 degrees to the surface in a 
reflectometer. They are viewed at an 
angle of 90 degrees and compared with 
the ideal completely reflecting and per- 
fectly diffusing surface (freshly smoked 
surface of magnesium oxide in actuai 
practice). 


Test: T-13 (PEI); CS144-47 (EUMC). 
Acid Resistance 


Purpose: To determine acid resistance at 
room temperature of porcelain enamels 
for all articles except cooking utensils, 
and chemical and hospital ware. 


Results: Classification of specimens into 
five classes, designated as Class AA, A, 
B, C or D. 


Metred: Three tests are possible—a com- 
mercial test, an umpire test and a re- 
search test, with increasing degrees of 
accuracy. The commercial] test consists 
of five steps: 

1. Visual examination. Specimen is 
treated with 10 per cent citric acid solu- 
tion, both at 80+10 F for 15 minutes. 
Visual examination determines any 
change in appearance. 

2. Dry-rubbing test. Treated and un- 
treated areas are marked with lines 
made with No. 1 lead pencil, then 
rubbed with a dry cloth. More tenacious 
retention of lines in the untreated area 
indicates failure of the test. 

3. Wet-rubbing test. Same as dry rub- 
bing test except cloth is wet with water 
and wrung out. 

4. Blurring-highlight test. Image of a 
small light source, such as a frosted 
bulb, is observed in the treated area. 
Definite blurring as image passes across 
boundary from the untreated to the 
treated area indicates failure. 

5. Disappearing-highlight test. Same 
as (4) except that image disappears in 
treated area. 

Enamels are then classified as follows: 


Visual examination 




















Test: C282-51T (ASTM); T-7 (PEI) 
Boiling Water Resistance 


Purpose: To determine solubility of an 
enamel in boiling water, 

Results: Percentage of initial specular gloss 
retained after the test is an index of the 
solubility. 

Method: Initial gloss is measured on a 
gloss-measuring instrument on two 3% 
by 4-inch specimens which are then sub- 
jected to the action of continuously 
boiling distilled water at a pH from 5.5 
to 7.0 which is continually changed for 
7 days. After this period, gloss is again 
measured. 


Test: CS115-44 (EUMC). 


Boiling Acid Resistance 


Purpose: To determine the resistance of 
porcelain enamels to attack by boiling 
acids, 

Results: Amount of coating dissolved con- 
stitutes the weight loss, grams per 
square inch. 

Method: Three 3%-inch diameter test 
specimens are weighed, and placed in a 
boiling solution of 6.4 per cent citric acid 
for 2% hours. They are then dried and 
reweighed to determine the total loss in 
weight over the area attacked by the 
acid. 

Test: C283 - 51T 
(EUMC). 


(ABTS); =6OBIED - 47 


Surface Abrasion Resistance (PEI) 


Purpose: To determine the resistance of 
the surface layer of porcelain enamel to 
abrasion. 

Results: The specular gloss reading after 
abrasion, divided by the initial reading 
and multiplied by 100, is taken as the 
abrasion index of the coating. 

Method: After measuring initia) specular 
gloss with a refiectometer, six specimens 
are abraded by oscillating the specimens 
horizontally under a _ vertical rubber 
cylinder containing alloy steel balls, 
standard feldspar abrasive and water. 
After approximately 1465 cycles, the 
specimen is cleaned and specular gloss 
is again checked. 


Test: T-2 (PEI). 


Surface Abrasion Resistance (Taber) 


: To determine the resistance of 
porcelain enamel to harsh abrasion. 

Results: Results are indicated as a weight 
loss, milligrams, for a number of cycles 
under a specified load using a specified 
abrasive wheel. 

Method: Two abrasive wheels revolve on 
weighted arms through frictional contact 
with a epecimen mounted on a motor- 
driven turntable. Angle of each wheel 
is set to produce two c ge arcs 
on the specimen. In most cases a coarse- 
grit wheel is used. 


Test: Taber. 
Gouging Resistance 


: To determine the resistance of 
hon underlying enamel structure to crush- 


Results: The load which produces gouging 


of 50 per cent of the path of a rolling 
ball is regarded as the gouging re- 
sistance, pounds. 

Method: A 3/32-inch diameter stainless- 
steel ball is rolled over the porcelain- 
enameled test piece under increasing 
loads. As load is increased, a point is 
reached at which the ball penetrates the 
enamel] and gouges it out over a small 
percentage of the total path. As weight 
is increased, the amount of gouging in- 
creases. Gouging of 50 per cent of the 
path is the end-point. 


Test: T-1 (PEI). 
Impact Strength (PEI) 


Purpose: To determine resistance to me- 
chanical impact of porcelain-enameled 
test specimens. 

Results: Energy of the blow required to 
produce failure is taken as the impact 
resistance, ft-lb. 


Method: A cylindrical specimen having a 
standard thickness of porcelain enamel! is 
struck by a l1-inch diameter hardened 
steel ball which forms the ‘‘nose’’ on 
the %-pound head of a 9-inch long 
pendulum, Blows are struck at incre- 
ments of 0.0125-ft-lb of energy until the 
first visible fracture (crack or chip) 
occurs. 


Test: T-6 (PEI) 
Impact Strength (ASTM) 


Purpose: To determine resistance to me- 
chanical impact of porcelain-enameled 
articles. 

Results: Height from which the test ball 
must be dropped to produce failure is 
the impact resistance, inches. 

Method: The article to be tested is clamped 
and a guide tube to guide the test ball 
is located above the specimen. A cold- 
worked duralun.inum ball, %-inch in 
diameter and weighing 10 grams, is 
dropped from increasing heights until 
the first chip visible at a distance of 
18 inches occurs. 


Test: C284-51T (ASTM) ; CS100-47 (EUMC> 


Torsion Resistance 


: To determine resistance to tor- 
sional deflection of a porcelain-enameled 
test specimen. The test involves both 
twisting and, to some extent, bending. 

Results: The angle of twist producing 
failure of the coating is taken as the 























grams for antimony enamels. 

As high as 90 per cent reflectance can be attained 
with titanium enamels. Excessive thickness of enamel 
would be required to accomplish this reflectance with 
the other two types. In comparison to these figures, 
enamels for aluminum have a maximum reflectance of 
77 per cent, which is reached at a total thickness of 
0.015-inch. 


Surface Finish: Porcelain enamels are normally 
available in all degrees of luster or surface texture, 
from a high gloss to a full matte. Eggshell, pebble 
and similar “rough” finishes can be attained, and even 
“nonslip” surfaces have been accomplished by sprin- 
kling a standard enamel with grains of refractory ma- 
terial. 


Color: As previously mentioned, all degrees of color 
can be attained in enamels. Titanium enamels at the 
present time are unsuitable for anything but white 
or light pastel colors produced by tinting with color 
oxide. Within the range of cream-white to blue-white, 
however, color matching can be extremely close be- 
tween antimony, zirconium and _ antimony - base 
enamels. 

Strong, pure colors are possible in all colors of the 
spectrum, as well as browns and other “mixed”’ colors. 
Chroma (purity or dullness) of the colors is depend- 
ent on composition of the enamel. Lead in an enamel, 
for example, tends to brighten most colors with the 
exception of reds, oranges and cadmium yellows. Blue 
appears brighter if there is zinc oxide in the enamel, 
but certain shades of green are deadened under ex- 
actly the same conditions. 

Colors in acid-resistant enamels are noticeably more 
resistant to fading by weather conditions than in non- 
acid-resisting types. Class AA and A enamels (TABLE 
1) measured in one seven-year test showed no notice- 
able fading. Class B enamels were slightly faded— 
but not objectionably. Noticeable color changes, how- 
ever, occurred on Class C and D enamels. 


Acid and Corrosion 
Resistance 











Enamels can be formulated for all degrees of acid 
resistance. Limitations exist on degree of alkali re- 
sistance, but enamels can be formulated to withstand 
mild alkalies at temperatures up to boiling. 


Acid Resistance: The test for acid resistance out- 
lined in TABLE 1 gives a range entirely satisfactory 
for determining resistance to food and other mild 
acids in “normal” environments. Standard white 
opaque enamels can be formulated in all grades from 
Class D to AA, although only Class A enamels or 
above are considered “acid-resisting.” Titanium-opac- 
ified enamels and the acid-resistant grades of anti- 
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mony enamels fall into this range quite easily, since 
they can both be formulated in Classes B to AA—al- 
though the antimony types can have higher acid re- 
sistance than titanium enamels. Nonacid-resisting 
antimony enamels and zirconium enamels are both 
rated Class D. 

Relative resistance of standard enamels to boiling 


Table 2—Boiling Acid Action on 
Glass-Lining Enamels 





Con- Con- 

centra- Penetra- 

Acid tion tion Acid tion tion 
(% by (0.0001-in. (% by (0.0001-in. 
weight) per year) weight) per year) 





Hydrochloric .. 5 5.13 Nitric To 2.83 
10 3.06 20 12.02 
20 0.33 40 0.08 
Sulphuric ..... 5 5.83 69 0.86 
20 14.78 Acetic ... §& 2.60 
40 1.41 40 0.93 
80 None 99.5 0.41 





acids is shown by the following table, in which the 
enamels have been tested with 10 per cent citric acid 
solution instead of the 6.4 per cent solution mentioned 
in the boiling acid test given in TABLE 1; weight loss 
is expressed in grams per square inch for each type 
of enamel. 


0.0008 


Antimony (acid-resistant) 
Titanium 0.0015 
Zirconium 0.0130-0.3400 


Acid resistance of ceramic coatings (Solaramic) is ap- 
proximately equivalent, with a 0.005-gram per square 
inch loss when tested with 6 per cent boiling citric 
acid for 2% hours. 

Extremely high acid resistance is given by “glass 
linings” and similar types of enamels at room tem- 
peratures. Offering protection against all acids ex- 
cept hydrofluoric and hot concentrated phosphoric, 


Intense heat plus high 
stresses cause fast de- 
terioration of jet-engine 
buckets. One of the 
newest attempts at solv- 
ing the problem is the 
combination of molyb- 
denum and a ceramic 


coating. Molybdenum, 
with a melting point of 
4750 F, has high-tem- 
perature strength, while 


the ceramic coating 
protects against high- 
temperature oxidation. 


Photo, courtesy Thompson Products Inc. 


















such enamels have a very slow rate of attack even at 
boiling temperatures, as shown in TABLE 2.! 
Adequate resistance is possible at even higher tem- 
peratures with glassed steel. Sulphuric acid in con- 
centrations above 10 to 15 per cent can be handled 
at temperatures up to 450 F, and temperatures up to 
300 F are possible for all concentrations of hydro- 
chloric. Even chlorosulfonic acid, one of the toughest 
of corrosives, has little effect at normal temperatures. 





Alkali Resistance: In general, porcelain enamels are 
not resistant to hot alkalies. “Standard” commercial 
formulations give protection against mildly alkaline 


Table 3—Effect of Boiling Alkaline Solution on 
Porcelain-Enamel* 








Enamel Weight Loss Visual Appearance 
(gm per sq in.) 
Alkali-resistant second coat.. 0.001 Slight etch 
Alkali-resistant overspray ... 0.002—0.003 Slight etch 
Alkali-Resistant ground coat 0.003 Etched more than 
second coat 
Commercial black edge 0.006—0.021 Severe etch—matte 
overspray finish 
Commercial ground coat..... 0.008 Etched—matte 
finish 
Solaramic ceramic coating... 0.0007 Tt 





*5 per cent sodium pyrophosphate solution for 2% hours. 
t Information not available. 


solutions, such as soaps and water softeners, of pH 7 
to 10 at temperatures up to about 140 F. Often, com- 
mercial ground coats are used as the final coating to 
give alkali resistance; however, other formulations 
as shown in TABLE 3 seem to be more satisfactory. 
The data in TABLE 3 are for samples immersed for 
21% hours in a boiling solution of 5 per cent sodium 
pyrophosphate in a test? similar to that described for 


1 References are tabulated at end of article. 


Photo, courtesy Chicago Hardware Foundry Co. 


Dirt, water corrosion and low heat must be re- 

sisted by the case on this hand dryer. The hous- 

ing, a casting coated with white porcelain enamel 

by the dry process, must be able to withstand 

repeated washing and maintain a neat, sanitary 
appearance. 
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boiling acids in TABLE 1—a procedure which has been 
suggested as a method of testing for alkali resistance. 
It is interesting to note that a ceramic coating has 
excellent alkali resistance, although it is not used for 
this type of service. 

Again, in the glass-linings field, formulations have 
been developed which will withstand hot alkalies. The 
latest one is reported to withstand an alkalinity of pH 
12 at 212 F with no reduction in acid resistance. 


Hot Water Resistance: Resistance of porcelain enam- 
els to hot water cannot be gaged by acid resistance of 
an enamel. Hot water, particularly under pressure, 
is extremely corrosive. Acid-resistant enamels are 
not hot-water resistant, but all hot-water resistant 
enamels have some appreciable degree of acid resist- 
ance. 

The difference lies in the method of attack. Acids 
attack the chemical composition of the enamel, where- 
as hot water tends to dissolve the frit. The effort, 
therefore, in formulating an enamel resistant to hot 
water is to decrease solubility. Some idea of relative 
resistance to hot water can be gained from Fig. 1. 

Higher temperatures increase severity of attack, 
and steam is particularly corrosive. The few failures 
reported, however, for porcelain-enameled or glass- 
lined hot-water tanks have not been the result of fail- 
ure of the enamel to withstand attack by hot water, 
but have been localized corrosion caused either by a 
defect in the enamel or by a break in the coating. 


Table 4—Thickness of Enamel Coatings 





Thickness (in.) 


Type of Enamel —_—_——— a 
Minimum Average Maximum* 





Sheet-steel ground coat...... 0.002 0.003-0.005 pee 
Titanium enamel? .......... 0.0015 0.003-0.004 0.006 


0.006-0.008 0.015 
0.006-0.009 0.025 
0.002-0.004 coos 
0.004-0.009 0.012 
0.015-0.040 0.050 
0.001-0.003 eeee 
0.025 up 


CD GEE ccccccsccs §«covce 
Antimony enamelf .......... ee 
Aluminum enamel ground coat. ..... 
Aluminum enamel cover coatt 
Dry-process enamel] ......... «+... 
Comamaie CORCIME 2.0 ccccccces 0.0005 
Glass lining (dry process) ...  ..... 





* Represents normal] limit, or point of maximum reflectance; 
extra-heavy coatings can be built up. tf Not including ground 
coat. 


Porcelain enamels compared with galvanized coatings, 
for example, have excellent hot-water resistance but 
must be continuous, without breaks or faults. 


Weather Resistance: Extensive tests*»* have been 
conducted to determine effect of weather on porcelain 
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Fig. 2—Effect of extended heating at 200 F on the 
strength of uncoated and ceramic-coated type 347 stain- 
less steel 


enamels. The general conclusion from these tests is 
that all enamels adequately protect the underlying 
iron from rusting. Some enamels, however, proved 
better than others in resisting the combined effects 
of heat, cold, rain, sunlight, gases and smoke. 

Acid-resistant enamels are, as a whole, distinctly 
more durable tha: nonacid-resisting. Formation of 
pits in nonacid-resisting enamels, however, can be pre- 
vented by a thin overglaze of clear, acid-resisting 
enamel. High concentrations of combustion or other 
corrosive-acid gases seem to have a pronounced effect 
on weathering. 

Full matte-finish enamels do not seem to be as sat- 
isfactory for outdoor service. Although resistant to 
weathering, such enamels are subject to stains from 
foreign substances in the atmosphere, whose severity 
is increased with increase in degree of matteness. Full 
matte enamels appear to be unsuitable where appear- 
ance is important because of fading. (Also see Color.) 


Electrolytic Corrosion: Since porcelain enamels are 
basically glasses, there is no possibility of electrolytic 
corrosion unless there is a defect in the enamel or the 
coating is damaged. Any corrosion resulting from 
such a defect will usually be localized in nature, with 
surrounding areas remaining protected. 


Thermal Properties 








Of importance in any consideration of temperature 
resistance of porcelain enamels are two main factors: 
heat resistance and resistance to thermal] shock. Heat 
resistance is a relative term; what is usually meant 
with ceramic coatings is the ability of the coating to 
protect the underlying metal (usually ferrous) from 
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oxidation. Oxidation at high temperatures is greatly 
accelerated, often causing complete disintegration 
within a short time. Carbon absorption, attack by 
lead-bromide vapors and corrosive attack may also 
add to the problem in engine exhaust systems. Each 
application poses special problems—but the prime 
problem is that of high-temperature oxidation. 


Temperature Resistance: ‘‘Standard” porcelain enam- 
els can be used up to 800 to 1000 F—a range much 
higher than conventional organic finishes. Below this 
range the enamel coating is unaffected. From 1000 
to about 1200 F the enamel may be slightly damaged, 
depending on softening temperature, but generally the 
underlying metal will be well protected. 

For the temperature range from 1200 to 2000 F or 
higher, ceramic coatings offer excellent protection to 
ferrous-metal parts. The exact high limit usually de- 
pends upon expected service life and the exact appli- 
cation. With present ceramic coatings, extended serv- 
ice life at temperatures in the range of 1500 to 1700 F 
seems to be entirely feasible. Localized temperatures 
may run as high as 2000 to 2200 F. With some heat 
dissipation, long life may be expected for parts sub- 
jected to these higher temperatures over their entire 
surface. Ceramic-codted molybdenum has been sub- 


jected to temperatures of 2800 to 3000 F with satisfac- 























Photo, courtesy Pfaudler Co. 


High chemical resistance, as well as capacity to 
handle high temperatures and pressures, is pro- 
vided by the glass lining of this low-speed centrif- 
ugal pump. Both the impeller and pump hous- 


are cast iron with a _ glass coating 


ing 


























tory life for some uses. 

For such applications as jet or piston engine parts 
for aircraft, the requirement may be only that the part 
have a service life measurable in hours instead of 
months or years. In these applications, ceramic coat- 
ings can usually improve the performance of the base 
alloy. Fig. 2, for example shows the effect of heating 
samples of type 347 stainless steel—not an extremely 
high-temperature alloy—at 2000 F under tension. Al- 
though loss in strength is great, the ceramic-coated 
specimen shows a decided advantage over the un- 
coated specimen for this rather drastic test.® 

Fatigue strength at high temperatures is also im- 
proved when ceramic coatings are used. Some indica- 
tion of the increase can be gained from Fig. 3, showing 
the difference in fatigue strength and fatigue life be- 
tween coated and uncoated specimens of type 347 
stainless heated for 10 hours at 1800 F. 

Nonstructural applications, however, represent the 
largest area of usefulness for ceramic coatings. In 
these applications protection from oxidation is the 








, i; | td 


‘N Ceramic-Coated Steel 
fA 





. 
~ 


m 
4 


el 


y he 
uscoated] SJ NLU 





§ 











Stress (JOOOpsi) 
‘¢ 






























































- Steel >= 
pane 
” | 
2 | é 
100,000 1,000,000 10,000,000 








Cycles for Failure 





Fig. 3—Above—Fatigue strength of ceramic-coated and 
uncoated type 347 stainless stel heated for 10 hours 
at 1800 F 


Fig. 4—Below—Rate of oxidation at 1700 F of ceramic- 
coated type 321 stainless steel compared with uncoated 
steel and Inconel 
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Fig. 5—Abrasion resistance of standard enamels tested 
in a Taber Abraser 


paramount criterion, and not the maintenance of struc- 
tural strength. Thus Fig. 4 shows that type 321 
stainless steel with a ceramic coating suffers no oxi- 
dation when continuously heated to 1700 F. 


Thermal Shock: Resistance to rapid changes in tem- 
perature must be high, especially for ceramic coat- 
ings which must withstand temperature fluctuations 
of a large magnitude within a very short time. 

Standard porcelain enamels are able to withstand a 
temperature drop of 200 F without any damage, and 
some can withstand heating to 350 F, then immediate 
dipping in ice water over a number of cycles without 
damage. In other tests, samples enameled with one 
ground coat and two cover coats were heated to 300 
F and quenched in water at room temperature. The 
process was repeated at 100 F intervals up to 1600 F. 
Microscopic hairlines, invisible to the naked eye, began 
to form at 400 F, but did not become visibie until the 
samples were heated to 1600 F. 

Thermal shock properties of ceramic coatings are 
much better, and more drastic tests are used. Solar- 
amic coatings, for example, are: 


1. Heated for 45 minutes to temperatures of 1850 F, 
1950 F, 2000 F and 2100 F, followed by a 15-min- 
ute air quench. This test is repeated 9 times and 
the part is then soaked at temperature for 15 
hours. 

2. Coated parts are subjected to the same iest at a 
temperature 100-200 F higher than maximum ex- 
pected operating temperature. Testing is contin- 
ued for 200 hours. 

3. Parts are heated to 1700 F and water quenched 
through 10 cycles. 


In addition, ceramic-coated parts are tested for hot- 
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Fig. 6—Effect of metal thickness on impact strength of 
0.013-inch thick porcelain-enamel coatings 


spot resistance and “flame” resistance, both tests of 
thermal-shock characteristics. These tests are: 


1. Spot heating with an oxyacetylene torch to 1700- 
1800 F and water quenching through 10 cycles. 
2. Heating a rolled, spot-welded and ceramic-coated 
specimen for 15 minutes in the hot blast of a gas- 
air burner to 1700-1900 F, then air cooling for 15 
minutes. Tes: is conducted over a 16-hour period. 


Extremely important in all parts subjected to ther- 
mal shock service is thinness of the coating and close 
matching of coefficient of thermal expansion of the 
enamel with that of the base metal. Most ceramic 
coatings are formulated for application in the thinnest 
possible layer. Sometimes an effort is made to select 
a frit with a high coefficient of expansion to resist 
thermal shock. 


Heat Flow: A third factor, which has an effect on 
both thermal shock resistance and fatigue strength at 
high temperatures, is heat flow through the coating. 
One of the main problems in using ceramic coatings 
has been to reduce hot spots, thus increasing fatigue 
strength by eliminating stress raisers caused by strong 
temperature gradients. A thin coating has proved to 
be beneficial. In addition, emissivity of the coating 
can be adjusted to provide a heat-reflective coating on 
the inside of hot parts and a coating which radiates 
heat on the outside. 


Mechanical Properties 

















Porcelain enamels are roughly comparable to or- 
ganic coatings in resistance to mechanical damage. 
Although glass-like, enamels are strongly bonded to a 
steel backing, and are thus “reinforced.” Design of 
the component and selection of the base meta] play 
an important part in developing the most favorable 
properties of the enamel. 

In general, flexibility of an enamel, and consequent 
resistance to bending, warping and twisting, depend 
on thickness of the coating. Thin coatings withstand 
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Photo, courtesy Vitreous Steel Products Co. 


Unusual finishes can be attained with porcelain 
enamels, as evidenced by the wood-grain finish 
on this enamel-coated space heater. Applied by 
a special graining roll, the finish is “printed” on 
the metal part which is then fired. In addit‘on 
to being unaffected by relatively high tempera- 
tures, the porcelain enamel must prevent rust. 





a considerable degree of distortion without fracturing; 
however, thick coatings must have rigid support. Im- 
pact resistance is moderate, but here again proper de- 
sign for the service requirements involved will help to 
develop adequate impact resistance. Being hard and 
glossy, vitreous coatings offer excellent protection 
against abrasion and wear. 


Thickness: Thickness of a porcelain coating, depend- 
ent on the enamel chosen and method of processing, 
can be controlled within limits. Dry-process enamels 
are thicker per coat than wet-provess enamels, and 
can be built up with multiple coats to almost any 
thickness desired. Wet-process enamels, too, can he 
built up with multiple coats, but the range is usually 
limited to the thickness attainable with three or four 
coats. 

Often a thin coating is desired to minimize the pos- 
sibility of damage by impact or thermal shock; how- 
ever, a thick coating may likewise be an advantage for 
added protection against acid or chemical attack. 
Minimum thickness is usually limited by the type of 
enamel and the number of coats of the specific type 
which must be applied. Ranges of enamel thickness 
are given in TABLE 4. 

Some unusually thin coatings have been used. 
Ceramic coatings for example are sometimes applied 
as thin as 0.0005-inch. Even standard two-coat white 
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opaque enamels have been used in total thicknesses 
as little as 9.005-inch—an application involving the 
automatic spraying of an 0.002-inch ground coat and 
0.003-inch cover coat on paper-thin 0.001-inch thick 
steel for bonding on hard wallboard. Such thin coat- 
ings can usually be bent, punched, sawed and other- 
wise cut without excessive chipping or flaking at the 
cut edge. 


Abrasion and Wear Resistance: Porcelain enamel’s 
good resistance to wear and abrasion is due to a com- 
bination of three properties: resistance to gouging or 


Table 5—Torsion Resistance at 
Various Coating Thicknesses 














Enamel Torsion Resistance (deg) 
at 0.006-in. at 0.009-in. at 0.015-in. 
Titanium enamel ...... 70 41 32.9 
Zirconium enamel .... .. 32.5 27.0 
Antimony enamel ..... .. 31.6 24.0 





Table 6—Radius of Bend 
Producing Enamel Failure 





—20-gage Metal (0.0375-in. )— —32-gage Metal (0.0101-in. )— 
Enamel Thickness Failu.e Radius Enamel Thickness Failure Radius 





(in.) (in.) (in.) (in. ) 
0.0023 8.0 0.0015 2.3 
0.0033 9.1 0.0030 3.2 
0.0040 10.6 0.0063 5.2 
0.0085 11.8 





crushing of the underlying enamel structure, high sur- 
face hardness (surface abrasion resistance), and high 
surface gloss. 

Hardness of porcelain enamels varies from 31% to 6 
on Moh’s scale, compared with a Moh’s hardness of 2 
to 3 for organic finishes. Abrasion-resistant enamels 
are harder and denser than ordinary types, and have 
a high gloss. Some are so hard that it is difficult to 
scratch them with a tool-steel blade, and these grades 
resist abrasion better than many metallic coatings. 

Surface abrasion resistance, as measured by PEI 
test (TABLE 1), is from 30 to 60. Reproducibility of 
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Fig. 7—Left—Effect of increas- 

radius on 

strength of enamel coatings on 
28-gage (0.0156-inch) meta! 


Fig. 8—Right—Impact strength 
as a function of thickness of the 
enamel coating 0.010 0015 0.020 0025 


this test has been found to be low, however, and a 
more accurate indication of resistance to surface abra- 
sion is given in Fig. 5. In this latter test, sa ies of 
standard enamels were abraded in a Taber Abraser 
using two type CS-17-F Calibrase wheels under a 1000- 
gram load per wheel.® 

One of the factors which helps porcelain enamels 
resist wear is its high surface gloss, smoothness and 
consequent low surface friction. In materials-handling, 
the “slick” qualities of porcelain enamels, and their 
low resistance to the flow of viscous or abrasive fluids 
or solids increases their wear life considerably. 


Resistance to Chipping: Resistance to chipping by 
mechanical action may depend upon many factors, 
among them flexibility of the enamel, degree of ad- 
herence, thickness of the enamel, and design of the 
part. Each of these may, in turn, depend on process 
or manufacturing variables. Thus “chipping resist- 
ance” becomes a highly inexact term. 

Tests for determining chipping resistance of porce- 
lain enamels fall into three classes: (1) impact tests, 
(2) torsion, bending, twisting or deflection tests and, 
(3) stretching tests. The third type, requiring ex- 
tensive laboratory equipment, is not generally used 
except in research. 

IMPACT RESISTANCE: Impact resistance of porcelain- 
enameled specimens varies greatly with design. A 
thicker base metal for example, can increase resistance 
to impact,’ as shown in Fig. 6. Larger radii also seem 
to aid in resisting impact, Fig. 7. A thicker enamel 
seems to have higher resistance to chipping on radii, 
as shown by Fig. 8, in which blows were struck on the 
turned edge of an enameled sheet.® 

BENDING AND DEFLECTION: In the standard PEI test 
for torsional deflection, porcelain enamel coatings 
show less resistance to chipping as coating thickness 
increases, TABLE 5, in direct opposition to the previ- 
ously mentioned relationship between thickness and 
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impact resistance. The relationship shbwn in TABLE 
5 has been confirmed by bending tests, TABLE 6, in 
which an enameled test specimen is bent: in diminish- 
ing radii until the coating fails.? Thus, in bending or 
twisting, the thinner coating is more desirable. 

INCREASING CHIP RESISTANCE: The seeming paradox 
posed by the relation between enamel thickness, im- 
pact tests and bending tests is resolved when we con- 
sider the method of making the tests. Impact tests 
are generally made on a bent edge or cylinder which 
is inherently stiff. Thus, the enamel coating is not 
deflected before chipping as much as in the bending 
tests. 

It seems, therefore, when extremely rigid parts are 
to be enameled, a thicker coating would be more de- 
sirable. Since extreme rigidity is impossible in most 
sheet-metal parts, the opposite direction is usually 
taken, and effort is made to reduce coating thickness, 
thus increasing flexibility of the enamel. Other meth- 
ods, such as increasing radii or stiffness of the com- 
ponent, are design considerations which will be cov- 
ered in a later section. 


Miscellaneous Basic 
Properties 











Standard porcelain enamels are basically alkaline 
borosilicate glasses, and have much the same proper- 
ties. Thus the following properties of standard por- 
celain enamels bear much resemblance to those of the 
corresponding glass: 


Specific gravity eet ' 2.5-3.0 
Specific heat (cal/deg C/gram) 0.20-0.25 
Compressive strength (psi) 30,000 
Tensile strength (psi) 6000-7000 
Coefficient of linear expansion (in. per in. 

per deg F) ‘ 8-12 X 10-6 
Thermal conductivity 


(cal/sq cm/cm/sec/deg C) 0.001-0.003 
! 


Summary—Enamel Selection: Selection of an enam- 
el is not simple, since enamels are not available in 
standard formulations like plastics or steel. Often 
formulations are varied slightly to adapt the enamel 
to a particular service condition or to individual pe- 
culiarities of a porcelain enameler’s processing tech- 
nique. 

Enamel selection, component design, and processing 
technique must be closely related for effective utiliza- 
tion of a vitreous coating. Both design and process- 
ing critically influence selection of a specific enamel, 
and should be considered at the time of enamel selec- 
tion. When an enamel is to be selected, therefore, 
minimum information at hand should include (1) a 
resume of anticipated service conditions and required 
enamel properties, (2) the preliminary or tentative de- 
sign, so that revision can be made if processing or 
enamel selection necessitate a change and (3) a thor- 


MACHINE DESIGN—January 1953 





Photo, courtesy Porcelain Enamel Institute 


Extreme conditions of abrasion and corrosion are 

encountered by these elevator buckets in han- 

dling rock salt. A porcelain-enamel coating has 

proved to be very effective in meeting the rugged 

service requirements, providing long life and re- 
quiring infrequent replacement. 
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ough knowledge of the processing capacity of the 
enameler. 

The main considerations in design for enameling, 
selection of a base metal, and processing will be cov- 
ered in a third and final article of this series to be 
published next month. 


REFERENCES 


1. S. W. McCann—‘‘Glass-Lined Chemical Manufacturing Equipment,’’ 
Engineering Experiment Station News, Ohio University, Vol. 19, No. 
4, 1947, Page 12. 

2. E. Skillicorn and J. E. Hansen—‘‘An Alkali Resistance Test for 
Porcelain Enamels,’’ Enamelist, Vol. 24, No. 7, 1947, Page 16. 

3. W. N. Harrison and D. G. Moore—‘‘Weather Resistance of Porcelain 
Enamels Exposed for Seven Years,’’ NBS Journal of Research, Vol. 
42, January, 1949, Page 43. 

4. G. H. Mcintyre—‘‘Porcelain Enamel as a Corrosion Resistant Coat- 
ing for Metals,’’ Enamelist, Summer-Fall issue, 1950. 

5. D. G. Bennett—High-Temperature Resistant Ceramic Coatings for 
Iron, Steel and Alloy Metals, Porcelain Enamel Institute Annual 
Meeting, Oct. 31—Nov. 2, 1950. 

6. A. V. Sharon—‘‘A Study of the Abrasion Resistance of Various 
Types of Porcelain Enamel,’’ Better Enameling, Vol. 22, No. 1, 
1951, Page 6. 

7. F. A. Petersen and A. I. Andrews—‘‘Relation of Metal Thickness, 
Enamel Thickness and Bottom Radius to Impact Resistance of 
Porcelain Enameled Utensils,’’ Journal American Ceramic Society, 
Vol. 28, No. 4, 1945, Page 102. 

8. R. L. Fellows—‘‘Relation of Thickness to Impact Resistance of 
Porcelain Enamels,’’ Journal American Ceramic Society, Vol. 26, 
1943, Page 160. 

9. B. W. King-—‘‘Titanium Enamels,’’ Steel, June 21, 1948. 








By Dorian Shainin 
Chief Engineer 


Rath & Strong Inc. 
Boston, Mass. 


TOLERANCE limit marks a boundary. It 
A should have this importance. By keeping parts 

within drawing limits, assemblies should be 
satisfactory. However, designers must give consider- 
ation to the question, “What if just a few character- 
istics of the parts are somewhat beyond tolerance? 
Will the assemblies go together and function prop- 
erly?” 

Earlier in this series it was pointed out that de- 
signers seldom know the real limits, if rather sharp 
dividing lines even exist. Extremely conservative per- 
sons caused C. G. Darwin to state, after making a sur- 
vey on how tolerances were assigned,* “To exaggerate 
the picture which I got as a result of my inquiries, I 


* C. G. Darwin—"Statistical Control of Production’’, Nature, Vol. 149 
pages 573-575, May 23, 1942 





Part 7—-Determining Practical Tolerances 


concluded that in designing a new machine the chief 
engineer drew it freehand with dimensions to the 
nearest inch and sent it to the draftsman to work out 
the detail to the nearest thousandth, who then gave 
it to his junior assistant to mark in the tolerances. 
Instructions were certainly always given that toler- 
ances should be as easy as possible, but only lip serv- 
ice was done to them and the junior assistant, anxious 
not to get himself into trouble, would, as a general 


Fig. 41—Above—A table of natural tolerances from 

shop control charts and a nomogram, Fig. 43, permit 

the designer to determine realistically how tolerances 
can be expected to actually combine 
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CONTROL METHODS \ treic use in vesign 


Not only can SQC help establish practical part 
tolerances but also can make possible improved as- 
sembly tolerances at reduced cost in production 


rule, think of the smallest number he knew and then 
halve it.” Exaggerated, yes, but emphatic! 

The goal in design, of course, is to achieve the best 
balance among the interlocking factors of satisfactory 
performance, cost, a large tolerance, and available 
production equipment, Fig. 41. A so-called practical 
designer will draw on a wealth of experience, hand- 
books or consultations with shop people and his toler- 
ances may begin to look reasonable—closer to that 
desired balance point. In considering the three kinds 
of limits—natural, practical and drawing tolerances— 
proper design requires that the last two be equal and 
at least one-third larger than the natural tolerance. 

How close can the practical designer come to this 
goal? Normally his sources of information cannot 








bring him nearly as close as can factual control chart 
data. Not only does the written record help im- 
measurably, but most important is that a process run 
with a chart will give results that vary less than 
those usually obtained without this guide. 


Natural Tolerances From Control Charts: With a 
process operating under statistical control, the six 
standard-deviation spread of individual pieces is, as 
previously mentioned, termed the natural tolerance 
of the process. A process is properly considered as 
in contro] only when all the average and range points 
from a run of 10 to 25 or more consecutive samples 
lie within the control limits. 

On an average and range chart the natural toler- 




















Assembled Clearance 
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ing rapidly how toler- 
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ance is somewhat greater than the distance between 
control limits for averages. Individual readings will 
vary more than the averages of the samples taken at 
random from a population of individual values. With 
plus and minus three standard-deviation control limits 
for averages, the natural tolerance is equal exactly 
to the square root of the sample size times the spread 
between the control limits. For a sample size of three 
items, 1.732 times the distance between control limits 
for averages will be the natural tolerance; for sample 
size four, two times the dimensional difference be- 
tween limits is used; etc. 

For sum and range charts, converting the distance 
between the control limits for sums becomes a bit 
different. The spread between control limits must be 
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divided by the square root of the sample size. Here 
is why. The spread of sample sums divided by the 
sample size will represent the spread between the con- 
trol limits for a corresponding chart for averages. 
That is because a sum is greater than the average by 
a multiplying factor, which is the sample size. The 
ratio of spread to sample size multiplied by the square 
root of the sample size provides the natural toler- 
ance, In this relation, the square root of the sample 
size divided by the sample size can be reduced to one 
over the square root of the sample size. Hence, the 
expression for getting, from the more convenient sum 
chart, the inherent six standard-deviation spread of 
the individual pieces. 

A practical, working tolerance is eight standard de- 
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viations, or one-third more than the natural tolerance. 
Experience has shown this increase allows for re- 
peated settings of the same job, for the use of new 
tools or dies that are not exactly the same. 

Lists of natural tolerances found from shop control 
charts should be available to designers. These can 
then be increased by one-third to obtain practical tol- 
erance data. For each problematical tolerance of a 
new design, the best approach is to consider the most 
similar fabricating situation by referring to the draw- 
ings of parts so listed, TABLE 5, Part 6. Then, the 
assignment of such practical tolerances to the new 
design should be considered as a first approximation 
toward reaching that best-balance goal desired. At 
this stage it is usually handy to confirm the potential 
availability of the particular pieces of production 
equipment listed for running the new job. 


How Tolerances Combine: The factors of satisfac- 
tory performance and cost will be affected markedly 
by how tolerances actually combine. This is in con- 
trast to how they could accumulate theoretically. 

The correct use of a control chart permits the free 
action of only variables truly inherent to the process. 
The variable effects are at the particular values they 
may have at the moment purely by chance. These 
conditions give a distribution of the measured values 
versus their frequency of occurrence that approaches 
the normal curve as a limit. 

The tails of a normal curve contain rather few of 
all the items produced. The chance selection of two 
or more parts from the storeroom will seldom result 


in an assembled fit as severe as one might calculate 
from using the extremes of the natural tolerance 
bands. The probability of getting one part of a size 
3o higher than the average of those parts is one to 
two per thousand. That of getting each of two mat- 
ing parts that far on one side from their group av- 
erages is the product of the separate probabilities, one 
to four per million, and so forth. Picking many such 
assemblies of a pair or more of parts will result in an 
accumulation of final fits that plot also as a normal 
curve. It will picture the relative probability of get- 
ting the fits shown on the horizontal scale, which is 
size rather than fit in the case of the distributions of 
the individual components, Fig. 42. 

Chance or random assemblies guarantee the width 
of the distribution of the accumulated tolerance to 
be less than but related to the width of the sum of 
the component distributions. Actually, the assembly 
distribution has a “variance” equal to the sum of the 
“variances” of the components. The variance is the 
standard deviation multiplied by itself. So the as- 
sembly standard deviation equals the square root of 
the sum of the squares of the component standard 
deviations. 

Natural tolerances can be expected to add in this 
favorable, statistical manner whenever each is kept 
within practical tolerance limits with a control chart. 
The nomogram of Fig. 43 makes the statistical addi- 
tion of any number of natural tolerances easy for the 
designer. 

Consider the example of the fit of a shaft in a bore 
illustrated by the diagrams given in Fig. 42. The nat- 








8 
7 T 
Number of Components a 


Combines —__ | J 
t+—~o 2 


% 





/ 


,, 





NI 
\ 


dade 





hi 
\ \\ 
NN 


We 





7 
! 
£ 
§ s 
Fig. 44—A substitute 8 
chart for the one of c 
Fig. 43 for cases when e 5 
all part tolerances are - 
ual. It is also use- S 
ful for finding com- 3 
ponent tolerances a 
Starting with a given i 
assembl|y tolerance S 
when more than two e 
parts are involved 8 3 


Z, 
WY 


WX 
\ 





a 



































ow 
an 





9 VW 13 15 17 


~“N 


Combination Natural Tolerance (units) 








MACHINE DESIGN—January 1953 


153 

















ural tolerance of the shaft is 0.0018-inch. Similarly, 
the smallest bore that occurs about one to two times 
per thousand pieces is 0.003-inch less than the larg- 
est bore that can be expected to occur at this same 
rare rate. It is incorrect to compute by straight ad- 
dition that the maximum spread of the assembled 
clearance could be 0.0048-inch. Instead use the nomo- 
gram and, for this example, read only the magnified 
scales to the right of each of the vertical lines. 

Connect 1.8 on the left line and 3.0 on the right one 
with a straight edge. The intersection on the center 
line is read as 3.5. For other needed data, note that 
the average of the distribution of shaft diameters is 
0.500-inch and that the average bore is 0.504-inch. The 
center of the assembly or fit distribution will be the 
difference between these two averages, or 0.004-inch 
clearance. The 3.5 read from the center scale stands 
for 0.0035-inch total spread of fits equally above and 
below the 0.004-inch nominal clearance. So the small- 
est clearance to be expected, about one to two times 
per thousand, is 0.00225-inch; while the largest occur- 
ring at this same rate will be 0.00575. 

This nomogram can also be read in reverse order, 
which more often is the way a designer employs it. 
Select a certain desired maximum variation for the fit 
of the assembly. Place this value on the center scale 
and read off on the side scales for any given position 
of the straight edge, the amount of tolerance that can 
be allowed in manufacture for each of the two com- 
ponents. 

If either component tolerance runs over five units it 
will be off the right-hand scale and the three left-hand 
scales must be used. Five units occurs near the bot- 
tom of the left-hand side and the scales run up to 20 
units. For readings larger than 20, the right-hand 
sides of the scales can be used, reading 2.0 as 20, etc. 
In this respect it is an unlimited nomogram. 

In finding the accumulated tolerance of more than 
two components, the nomogram is also unlimited. 
With the combination reading of any two of the com- 
ponents used on one of the side scales and the third 
tolerance in the other side scale, the reading on the 
center scale is now the statistical sum of the three. 
This practice can be continued for any number of 
parts by shifting the center reading to the side before 
“adding” another tolerance. 

For working backwards from an assembly require- 
ment of more than two components, the nomogram 
must be used by trial and error. Start with the cen- 
ter-scale assembly requirement and read the side 
scales from a straight edge—one will be the tolerance 
for one component and the other a combined tolerance 
for all the remaining components. This combined tol- 
erance can then be entered on the center scale and two 
more readings on the side scales observed, one being 
for another component tolerance. The other repre- 
sents the balance of the combined figures, or the re- 
maining part tolerance if only three pieces are in- 
volved. 

This trial-and-error method can be helped by an 
estimate from the chart in Fig. 44 which gives the 
units of component natural tolerance from an assem- 
bly or combination requirement for two or more 
components, but only when the component tolerances 
are equal. In actual practice, some components in- 
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herently have smaller natural tolerances than others. 
However, a preliminarly reading from Fig. 44 will 
give the order of magnitude of the component toler- 
ances as a first approximation. Certain of these can 
then be increased or decreased to correspond to nat- 
ural tolerances. A final check on the nomogram will 
show if assembly requirements can still be met. 


By-Product Advantages: Shops in virtually every 
industry are finding great benefits in process control 
by use of variables charts. Reduction in scrap and 
rework and the usual increase in production rates in- 
terest them because of the direct financial saving. The 
statistical addition of tolerances described cannot be 
counted upon to work unless the process is kept in 
control ahout the nominal average. Since a control 
chart does just that, the favorable tolerance accumu- 
lations and related gains can be called “by-product” 
benefits. 

About a 40 per cent or greater increase in compo- 
nent tolerances can be allowed without increasing the 
practical assembly tolerance, when processes are kept 
in control. This often means less expensive equip- 
ment, heavier cuts, or perhaps longer tool life or the 
like. 

As the number of parts that are assembled in- 
creases, the relative gain goes up. Moreover, when 
several parts go together, those with rather small tol- 
erances contribute practically no addition to the net 
statistical assembly tolerance. Only the parts with 
the larger tolerances have a significant weight. 

A distinct profit will be found in practically every 
case where selective assembly seems necessary, or 
where shims or spacers have to be used. These vir- 
tually can be eliminated through the use of control 
charts and the statistical addition. 

Most shops know their designers have added toler- 
ance extremes in checking their drawings to see that 
assembly fits will be satisfactory. Some have taken 
further advantage of the fact that components in 
control add more economically and accept certain 
material beyond specificaticn with only'a small chance 
that the assemblies might be beyond the algebraic fit 
limits found from adding permissible extremes. A 
nomogram in the material review section of the shop, 
where such special deviations are made, along with 
Lot Plots of the distributions of the component parts 
make it possible to predict the distribution of the 
chance assemblies. The distance between lot limits on 
each Lot Plot serves as the component tolerance on 
the nomogram. 


A New Drawing Notation: For two important rea- 
sons each tolerance determined by the recommended 
statistical method should be indicated by a special 
marking on the drawing. First, the method always 
succeeds only when a control chart keeps the distri- 
bution free from other than just momentary assign- 
able causes of variation. In any shop, during the 
period of conversion to this method, the special draw- 
ing indication would be a constant reminder to every- 
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one that the job must not run without a control chart 
by variables. Then, another logical warning applies 
to plants that add tolerances statistically on a mate- 
rial review basis to justify the acceptance of material 
beyond part drawing limits. The special drawing 
mark would indicate that all such possible allowance 
has already been made—one should not deviate fur- 
ther using this statistical method, on the assumption 
that it was not employed in setting up the tolerances 
originally. 

At the Hamilton Standard Div. of United Aircraft 
Corp., the use of statistical quality control has made 
factual data available to permit engineering, produc- 
tion engineering, and production to start to work as a 
unit on these matters of tolerance assignments. Tables 
compiled from control charts list the natural toler- 
ances against the part number, along with the dimen- 
sion being made and the equipment-identification tag 
number. Designers use the table along with the nom- 
ogram to compute the most favorable assembly condi- 
tions that can be achieved practically. 

Whenever this technique is used on a series of ac- 
cumulating tolerances, each such tolerance is shown 
on the drawing by this method. It is enough different 
from any conventional notation that the person read- 
ing the drawing has to look further rather than try 
to guess at its meaning. The following is an example 
of the special dimensioning used on drawings: 


0.5600(0.0009) See note number —. 


The note number at the bottom of the drawing 





























states, “SQC dimension. Must be run with a control 
chart.” The notation means that this dimension must 
be held to 0.5000-inch, plus or minus 0.0009-inch max- 
imum variation of individual sizes as controlled by a 
chart. The first figure, before the parentheses, gives 
the desired average value. That in the parentheses 
stands for the maximum allowable three standard- 
deviation variation from that average. The paren- 
theses, you might say, denote the use of the statistical 
method. 

This method of dimensioning shows that the toler- 
ance has been computed statistically and so is properly 
economical. The production department should not 
feel it may need more tolerance. It should be clear 
that the tolerance actually exceeds the capabilities of 
the equipment. Production’s choice of equipment is 
guided. Either use the machine that the designer had 
in mind, a similar one, or one with even a closer nat- 
ural tolerance (from the control chart records on file). 

With this type of control of rough and finished di- 
mensions, forgings and castings often can carry less 
extra raw material to guarantee proper finishing. But 
perhaps the most important economy comes from each 
dimension averaging close to the standard average or 
nominal, and the parts all coming within specification. 
The charts keep the operator continually aware from 
piece to piece of the nature of the variables working, 
whether they are inherent ones or foreign ones. All 
these economies and resulting good production prac- 
tices should assure maintenance of the best possible 
position in a competitive field. 





Locomotive Utilizes Dynamic Braking 


ECAUSE it effects a savings in car-wheel and 
brake-shoe maintenance, dynamic braking has 
been utilized in a diesel-electric yard switching loco- 
motive built by Baldwin-Lima-Hamilton Corp. for use 
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in lumbering operations. The switcher incorpo- 
rates a pneumatic speed control which has no transi- 
tion points—traction motors remain permanently con- 
nected in the electrical circuit. Locomotive speed is 
regulated by traction-motor field shunting and engine 
governor adjustment through a pneumatic throttle. 

The dynamic braking system consists of a 35-hp 
motor-driven fan, together with a bank of resistors 
totaling 1 ohm for each pair of traction motors, plus 
the necessary electrical control. It is mounted in the 
engine compartment immediately in front of the cab 
and electrical control cabinet. Cooling air enters side 
openings in the hood, passes over the resistors and 
leaves through the roof. Maximum braking effort of 
34,000 lb is attained when the locomotive reaches a 
speed of 9.2 miles per hour. 

The locomotive is a 100-ton, 2-truck, 4-axle unit 
powered by a 6-cylinder 4-cycle, 800-hp, solid-injec- 
tion, normally-aspirated diesel engine direct connected 
to its generator, which feeds the four traction motors. 


“The companies most successful in meeting their 
management manpower requirements will be those 
which are most successful in getting the best out of 
the people they already have.” Louis A. ALLEN, 
personnel administration manager, Koppers Co. Inc. 
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By Milton Felstein 
Mathematician 
Engineering Department 
U. S. Naval Gun Factory 
Washington, D. C. 


ANY indicating or computing instruments 
M driven by a motor acting through a gear-train 

speed reduction represent a measured vari- 
able by the angular displacement of a shaft. Such 
instruments are commonly used where the change in 
value of the variable with time is dictated by certain 
dynamic problems or processes which are involved, 
Fig. 1. 

An example of such an instrument is a linear po- 
tentiometer that is required to represent by its output 
voltage the distance to an object moving in a known 
path with known constant speed. The designer of 
drives for such instruments js faced with the task of 
selecting a motor and laying out a gear train that 
will: 


a. Be able to produce angular speeds and accelera- 
tions of the instrument shaft in excess of those 
demanded by the change in value of the variable 
during any problem the instrument is required to 
handle. 





b. Provide a gear-train speed reduction large enough 
to insure smooth and accurate operation of the 
instrument. 


A simple cut-and-try method for accomplishing this 
task is presented in this article. Based on a graphical 
equivalent of requirement a, this method, in common 
with most cut-and-try methods, has the advantage 


of resulting in straightforward computations in which - 


all the factors affecting the design can be handled. 
The designer is thus not restricted to such factors 
as can be handled in direct methods of analysis and 
he can, in principle, make the study as accurate as 
he desires. For example, the cut-and-try method can 
handle easily such factors as gear-mesh efficiencies, 
speed-dependent and speed-independent friction, and 
the use of more than one material or thickness for 
gear wheels. 

The graphical technique provides a procedure of 
“try” that is simple to use and presents the results 
in an informative visual arrangement. Such an 
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A computer or control mechanism must be capable of keep- 


. ing up with changes in the variable being followed. To meet 
this requirement the drive motor must be able to supply suffi- 
cient torque to accelerate itself, associated gears, and other 


moving parts. 


A straightforward method is presented for 


determining and comparing velocity-acceleration relationship 
of the drive and of the function being followed in the problem. 


Fig. 1—Gunfire control center on an aircraft 
carrier. Will the computing mechanism be 
fast enough to track all possible targets? 


Official U. 8. Navy photos 





arrangement makes it convenient to compare the 
kinematic capabilities of different drives, as well as 
to weigh kinematic considerations with mechanical, 
electrical, servomechanical, factor-of-safety, cost, 
availability, space, and like considerations involved 
in the overall design picture. 

Even if the designer has his own method of de- 
signing motor-and-gear-train combinations to meet 
the kinematic requisites given above, procedures de- 
scribed here enable him to check the design in a 
complete study. 


Principle of the Method: The curve obtained by 
plotting instrument-shaft velocities and accelerations 
producible by the drive will be referred to as the 
phase-plane curve of the instrument and drive. A 
similar curve for values of velocity and acceleration 
of the instrument shaft demanded by the change in 
value of the variable during a given dynamic prob- 
lem will be called the phase-plane curve of the prob- 
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lem. Then, an equivalent statement of requirement 
a is that the phase-plane curve of the instrument and 
drive must contain (that is, enclose, or lie outside of) 
the phase-plane curves of all the problems the instru- 
ment is required to handle, Fig. 2. For the purpose 
of this technique, one curve contains a second if it 
lies above and to the right in the first quadrant, 
above and to the left in the second, below and to the 
left in the third, or below and right in the fourth. 

Only the most demanding problems need actually 
be plotted, that is, those whose curves lie farthest 
from the origin. In selecting the most demanding 
problems, the designer must not neglect to consider 
demands on the drive such as time allowed for the 
system to come up to speed or to return to starting 
position. These factors may prove to be the definitive 
demands on the drive. 

The method discussed here uses phase-plane curves 
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plotted in terms of the angular velocity and accelera- 
tion of the instrument shaft. The curves could equally 
well be plotted in terms of the first and second time 
derivatives of the variable represented by the dis- 
placement of the shaft. This latter scheme is fre- 
quently handier, particularly if the phase-plane 
curves of the problems have been plotted in these 
coordinates. 

Principal steps, which the designer will carry out 
more or less simultaneously and in rough when start- 
ing, are these: 


1. Select a motor. 

2. Determine the “bracketing values” of the gear- 
train speed reduction. 

3. Select a gear-train speed reduction between these 
bracketing values. 

4. Lay out a gear train to suit this reduction. 

5. Compute the phase-plane curve of the instrument 
and drive using this motor and gear train, and see 
if this curve contains the phase-plane curves of the 
most demanding problems. 

6. Repeat steps 3, 4, and 5, or steps 1 through 5, as 
necessary or desired. 


Each of the foregoing steps is explained in detail 
in the following paragraphs, which are corresponding- 
ly numbered. 

1. SELECTION OF MoTor. Catalogs of motors com- 
monly give the no-load speed, the stall torque and 
the moment of inertia of the rotor. Also needed for 
this study are the torque-speed curve for the con- 
dition of maximum contro! voltage to be used. The 
usual single-quadrant torque-speed curve covers only 
the condition in which the motor is turning in the 
direction of the internal torque of the motor. This 
curve will be referred to as the “forward-speed” part 
of the torque-speed curve. If deceleration is to be 
studied, the torque-speed curve should also cover 
the condition in which the motor is turning in the 





Table 1—Results Independent of Speed* 















Effective Inertia———_ 


Speed-independent Friction Torque 

















Accel. Decel. Accel. Decel. 
J Jem T; T;e™ 
Part N M Dia. J —_——_— —- Weight T; _— 
N2e¥ N2 Ne" N 
Motor 1 0 4.60 4.60 4.60 
A 1 0 0.5 0.937 0.937 0.937 0.116 .0002 .0002 .0002 
B 2 1 1.0 15.00 3.948 3.563 0.463 .0009 .0005 .0004 
C 2 1 0.5 0.937 0.247 0.223 0.116 .0002 .0001 .0001 
D 2 1 1.0 15.00 3.948 3.563 0.463 .0009 .0005 .0004 
E 2 1 
F 8 2 2.0 240.0 4.155 3.384 1.854 .0037 .0005 .0004 
G 8 2 0.375 0.297 0.005 0.004 0.065 .0001 .0000 .0000 
H 8 2 2.0 240.0 4.155 3.384 1.854 .0037 .0005 .0004 
I 8 2 .5000 .0693 .0564 
J 80 3 3.75 2967 0.541 0.397 6.515 .0130 .0002 .0001 
Instr. 80 3 15000 2.734 2.009 a4 : 
Total 25.270 22.064 me .0718 .0584 








*Weights and inertias of shafts and bearings neglected. Weights are in ounces, torques in ounce-inches, 
inertias in 10-5 ounce-inch-second?. Efficiency (e) is assumed to be 0.95. 
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opposite direction to the torque—the so-called “plug- 
ging” condition. The forward-speed part of the torque- 
speed curve applies to acceleration of the motor, that 
is, speeding-up in the same direction the motor is 
turning, and the plugging-speed part applies to de- 
celeration. The plugging-speed part of the torque- 
speed curve represents the condition of the motor 
turning in one direction while full control voltage is 
being applied to turn it in the opposite direction, 
which is precisely what occurs during deceleration 
under full control voltage. Generally speaking, the 
system will be able to decelerate better than it can 
accelerate. This is because practically all motors 
used in servomechanism work have greater torque 
when opposing the turning than when conforming to 
it (because of back emf), and also because friction 
and inefficiency in the system aid deceleration where- 
as they hinder acceleration. For most motors used in 
servomechanism work, the forward-speed part of the 
torque-speed curve can be approximated as a straight 
line. 

This linear approximation is said to be reasonably 
accurate for induction motors that have high-resist- 
ance rotors and are used only in the range up to 55 
per cent of synchronous speed. Complete or exact 
curves should be obtained from the motor manufac- 
turer, measured, or computed, as needed.!:*;% Motor 
“jitter” should also be obtained from the motor manu- 
facturer or measured, if needed. 

From the standpoint of acceleration and neglecting 
friction, when the inertia of the total load is small 
compared with the inertia of the motor rotor, the ratio 
of the stall torque of the motor to the inertia of the 
rotor should be the prime guide in selecting the motor, 
and the stall torque itself should be the secondary 
guide. When the inertia of the total load is large 
compared with the inertia of the rotor, the value of 


1 References are tabulated at end of article. 
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the stall torque should be the prime guide and the 
torque-to-inertia ratio the secondary guide. The 
presence of friction will increase the relative impor- 
tance of the value of the stall torque of the motor. 

2. DETERMINATION OF BRACKETING VALUES OF GEAR 
REDUCTION. Lower bracketing-value of the gear-train 
speed reduction, No, is the lowest No that will give 
smooth and accurate operation of the instrument de- 
spite sticking, motor jitter, and other sources of 
roughness in the drive. The effect of roughness in 
the drive on the operation of the instrument is re- 
duced as Nog is increased. The lower bracketing-value 
will also depend on the accuracy required in the in- 
strument setting. Choice of the lower bracketing- 
value is largely a matter of the designer’s judgment, 
and must take into account the quality of the me- 
chanical workmanship he can expect. 

‘Upper bracketing value of Nog is the largest No that 
will give the maximum speed of the instrument shaft 
called for by the problems the instrument is required 
to handle, when the motor has the maximum speed 
of which it is capable in the presence of expected 
friction. This maximum speed of the motor is the 
value on the torque-speed curve that corresponds to 
the sum of the equivalent friction torques referred to 
the motor. These friction torques must, of course, be 
estimated at this stage of the procedure. 

3. SELECTION OF TRIAL RATIO. The first trial No 
is often selected at some preferred value convenient 
for mechanical design. It may be desired, on the 
other hand, to make use of some of the more theoret- 
ical techniques that have been described for selecting 
gear-train speed reductions for instrument drives.*: 5: ® 
Once the designer has selected the first trial No, laid 


Table 2—Results Dependent on Speed 


Applicable data. Speed-dependent friction source, part E: N=2, M=1. 
Effective inertia at motor: 25.27 accel., 22.06 decel. (TABLE 1) 
Speed-independent friction torque: 0.072 accel., 0.058 decel. (TABLE 1) 























Motor Speed-dependent 
Characteristics Friction Torque at Motor— Kinematics of Instrument———— 

Speed a T;,e™ Effective Accel. or Decel. Speed 

Speed Torque of part Tis torque at Motor Inst. of Inst. 

(rpm) (rpm) Ne” N motor (rad/sec?) (deg/sec?) (deg/sec) 

Acceleration 

5400 0.000 2700 0.300 0.158 paras 405 

3600 0.600 1800 0.200 0.105 0.423 1670 1200 270 

1800 1.200 900 0.100 0.053 1.075 4250 3040 135 

0 1.800 0 0.000 0.000 1.728 6840 4900 0 
Deceleration* 

0 1.800 0 0.000 0.000 1.858 8420 6030 0 
1800 2.400 900 0.100 0.048 2.506 11360 8140 135 
3600 3.000 1800 0.200 0.095 3.153 14290 10240 270 
5400 3.600 2700 0.300 0.143 3.801 17230 12340 405 
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*Motor in plugging condition for lower (deceleration) set of values. 
















Nomenclature 





No = Overall gear-train speed-reduction ratio 
N = Gear-train speed reduction to a particular com- 
ponent 
Speed of motor shaft, revolutions per minute 
Speed of instrument shaft, degrees per second 
Angular acceleration (or deceleration) of in- 
strument shaft, degrees per second per second 
J = Moment of inertia of a particular component, 
ounce-inch-second? 
Jm = Moment of inertia of motor rotor, ounce- 
inch-second? 
Jg = Effective moment of inertia of all components, 
referred to the motor, ounce-inch-second? 
M = Number of gear meshes between a particular 
component and the motor 
T; = Friction torque independent of speed, at a par- 
ticular component, ounce-inches 
T;, = Friction torque dependent on speed, at a par- 
ticular component, ounce-inches 
T = Torque capacity of motor at a particular speed 
(from torque-speed curve), ounce-inches 
Effective torque at the motor, ounce-inches 
e = Mechanical efficiency at each gear-mesh unit 


Hil 


a 
I] 


| 
~ 
1 il 


out the gear train, computed the phase-plane curve 
of the instrument and drive, and plotted this curve in 
relation to the phase-plane curves of the problems, 
it is often possible to proceed rapidly to satisfactory 
solutions. The first reason for this is that the exist- 
ing plot will indicate roughly how the new Ny should 
be selected. The second reason is that, as a rule, the 
same value for the inertia of the gear train referred 
to the motor, used in the first try, can be used in the 
new tries, since this quantity is not sensitive to small 
changes in Ny. For large changes in the trial No as 
well as for check of the final Ny», a new gear train 
should be laid out and the computations carried out 
using a more accurate value of the referred inertia. 

4. LAyouT oF GEAR TRAIN. A gear train should 
now be laid out to suit the trial Ng selected. The ac- 
celeration of the instrument shaft will be improved if 
the gear train is designed so as to reduce the inertia 
referred to the motor. 

This is accomplished by properly selecting the num- 
ber of gear meshes and distributing the overall re- 
duction, N», among the meshes to give minimum re- 
ferred inertia.*:*»* Reduction of inertia in these 
ways is possible because, for constant-thickness gear 
wheels, the referred inertia of a gear wheel varies 
directly as the fourth power of the diameter and in- 
versely as the square of the speed-reduction ratio to 
the gear wheel.® 

5. COMPUTATION OF PHASE-PLANE CURVE. To com- 
pute the phase-plane curve of the instrument and 
drive for a given direction of turn of the instrument, 
motor speed is used as independent parameter, and 
for each value the corresponding values of speed and 
acceleration or deceleration of the instrument shaft 
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are calculated. In this discussion acceleration (speed- 
ing-up in the same direction the instrument is turn- 
ing) is distinguished from deceleration (slowing-down 
in the direction the instrument is turning). 

Speed. The speed is obtained from the equation 


360 _—s«6n 


RE ass 5.8 s shoe ee eT r 
60 No No 





on 


where terms are as defined in the Nomenclature. 
Acceleration and Deceleration. Acceleration and de- 
celeration are obtained from the expression 
Ts 360 57.3 Tr 


a= == (2) 
Jz 27 No Jz No 





Effective torque and inertia at the motor, T, and Jz, 
must be evaluated. The basic procedure given will 
apply to acceleration, and changes from this proced- 
ure for the case of deceleration will be noted later. 
The particular mathematical expressions given will 
apply when the motor torque dominates in accelerat- 
ing or decelerating the system. Different expressions 
would apply when this is not the case. Dynamic val- 
ues of friction torque 7, and efficiency should be used 
except at speeds near zero. 

Torque. Effective torque at the motor, 7, is given 
by the general expression, in which the signs apply 
to acceleration: 

Ty Ts 


N e™ Ne*— - 


Tr = - 7 
Second term on the right-hand side of the expression 
is the sum of the respective torques required at the 
motor to overcome each source of speed-independent 
friction, taking due account of the number and effi- 
ciency of the gear meshes between the motor and the 
source. Last term in the equation represents the sum 
of the respective torques required at the motor to 
overcome each source of speed-dependent friction, 
taking due account of the number and efficiency of 
the gear meshes between the motor and the source. 
The value of T,, will be that corresponding to the 
speed of the particular source when the motor speed 
has the value assumed for it as an independent 
parameter. 

For accurate computations the designer may want 
to include among the speed-independent friction 
torques those that exist in the bearings due to the 
weight of the gear wheels and other parts. Such val- 
ues can be obtained by assuming a suitable coefficient 
of friction. The labor involved can be reduced by the 
use of tables or nomograms covering, for instance, 
the weights of one-inch-long cylinders of various di- 
ameters for a particular material. The weight of the 
motor rotor should not be included if the torque-speed 
curve has been obtained by measurement. In bear- 
ings there also exist friction torques due to the forces 
being transmitted through the gears. Such torques 
are proportional to the forces being transmitted and 
hence are taken account of in this method by the 
efficiency considerations. Consistent with this, the ef- 
ficiency values used in the expressions given previ- 
ously should be those applying to the gear-mesh unit 
as a whole, not the gear teeth alone. 
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Inertia. Effective inertia at the motor, Jz, is given 
by the expression 


J 
Js = Ja + > Syrge 


where tue second term on the right-hand side repre- 
sents the sum of the inertias of the gear-train parts, 
instruments, and other sources of inertia, referred to 
the motor, taking due account of the number and effi- 
ciency of the gear meshes between the source and the 
motor. This step will involve the computation of the 
inertias of the gear-train parts. The labor involved 
can again be reduced by the use of tables or nomo- 
grams of inertias of one-inch-long cylinders of various 
diameters for a particular material. 

For deceleration, several changes from the fore- 
going procedure are involved. Friction and ineffi- 
ciency aid, rather than hinder the motor, and Equa- 
tion 3 therefore becomes, for deceleration, 


o, =o. + b> T; em >> Tj, o*# (5) 
gz mi! N N 


It should be remembered that for deceleration, the 
plugging-speed part of the torque-speed curve should 
be used. For deceleration, further, the value of each 
inertia source referred to the motor is affected, and 
Equation 4 becomes: 








J eM 
—_— : : ; (6) 
N2 


Je = dm + 

Values obtained from the foregoing calculations ap- 
ply particularly to a given direction of turn of the in- 
strument. The same values will, however, also apply 
to the reversed direction unless the physical character- 
istics of the system are different for this direction. 

Requirements of the problems to be followed will 
dictate the particular directions of turn and accelera- 
tion or deceleration that will be needed in the study. 
As described in the next paragraph, each direction of 
turn and acceleration or deceleration is associated 
with a particular quadrant of the phase plane. 

Plotting the phase-plane curve. Final step is to 
plot against each other the calculated coexisting val- 
ues of speed and acceleration or deceleration. A four- 
quadrant diagram is necessary in order to accommo- 
date all possible conditions of operation. The co- 
ordinates used will be angular velocity, plotted hori- 
zontally, and angular acceleration, plotted vertically. 
The mechanical quantities speed, w, and acceleration 
(speeding-up) or deceleration (slowing-down), «, that 
are used in the foregoing computation are related to 
these mathematical co-ordinates as follows: Having 
established the positive direction of turn of the instru- 
ment, when the instrument has this direction of turn, 
plot acceleration (speeding-up) in the first quadrant 
and deceleration (slowing-down) in the fourth. When 
the instrument has the reversed direction of turn, 
plot acceleration (speeding-up) in the third quadrant 
and deceleration (slowing-down) in the second. 

After the curve has been drawn through the plotted 
points it should be completed by dropping perpendicu- 
lars from the points corresponding to maximum plug- 
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ging speeds to the axis of velocity. These additional 
segments are needed to delineate completely the capa- 
bilities of the drive. The phase-plane curve of an in- 
strument and drive, for a case requiring the curve in 
only the first and second quadrants, is illustrated in 
Fig. 2. 


Example: An example will illustrate the computa- 
tion of phase-plane curves and also other procedures 
described in the foregoing. The example is intended 
to show method only and values used should not be 
regarded as a standard of design. 

An object can move past an observer in straight- 
line paths at constant speeds up to 200 feet per second. 
The minimum cross-over distance is 13 feet. The dis- 
tance to the object is to be represented by the angular 
displacement of an instrument shaft, where 1-degree 
turn of the shaft represents 1-foot distance. It is re- 
quired to show that the drive described in Fig. 3 is 
kinematically adequate for driving the instrument 
during any complete trajectory of the object. The 
instrument might in this case be a helically-wound 
linear potentiometer in an analog computer where the 
output voltage of the potentiometer represents the 
distance. 

PHASE-PLANE CURVES OF THE PROBLEMS. The most 
demanding problem the instrument is required to han- 
dle is where the object has maximum speed and min- 
imum cross-over distance. First step is to obtain co- 
existing values of dD/dt and d?D/dt? that will exist 
during this problem. From Fig. 4, 





1 
D= : - ae ; ; oi te ee 
cos 6 

aD 

—- = 200 ain @ . (8) 
at 

de 200 cos @ 
pe ee ; . , (9) 
at D 


Differentiating Equation 8 and combining with 
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Equations 7 and 9 gives: 





d2D 2002 
dt? 13 


cos" @ 3077 cos® 6 (10) 


Use of Equations 8 and 10 yields the following set 
of values: 








a dD /dt d2D /dt? 
(deg) (ft/sec) (ft/sec?) 
90 200 0 
80 197 16 
60 173 385 
40 129 1383 
20 68 2553 
0 0 3077 
—20 68 2553 
—40 129 1383 
60 173 385 
—80 197 16 
90 200 0 








Since one degree turn of the instrument shaft rep- 
resents one foot distance, the second and third col- 
umns also give, respectively, in phase-plane co-ordin- 
ates, the coexisting values of velocity and acceleration 
of the instrument shaft in degrees per second and de- 
grees per second per second called for by this problem. 

These values when plotted against each other give 
the phase-plane curve of the problem, Fig. 2. It will 
be noticed that in this case the phase-plane curve of 
the problem appears only in the first and second quad- 
rants. From the previous explanation of the signifi- 
cance of the various quadrants it is evident that the 
instrument is required only to speed up when turning 
in the positive direction (direction of increasing D 
values) and slow down when turning in the negative 
direction. 

PHASE-PLANE CURVE OF INSTRUMENT AND DRIVE. 
Next step is to compute the phase-plane curve of the 
instrument and drive in order to determine the ability 
of the drive to speed up the instrument when turning 
in the positive direction and slow it down when turn- 
ing in the negative direction. In this particular ex- 
ample, the physical characteristics of the system are 
the same for both directions of turn, hence no distinc- 
tion need be made between the directions of turn in 
the computation. The computation is shown in TABLES 
1 and 2. The calculated values are plotted in the first 
and second quadrants of Fig. 2. The kinematic ade- 
quacy of the drive is indicated by the fact that the 
curve of the instrument and drive “contains” the 
curve of the problem. The calculated values also rep- 
resent the ability of the drive to speed up the instru- 
ment when turning in the negative direction and slow 
it down when turning in the positive direction. The 
applicable plot would appear in the third and fourth 
quadrants and would look like the present curve of 
the instrument and drive rotated 180 degrees about 
the origin as center. 

Acknowledgement is due Mr. Macon Fry, a member 
of the staff of the Operations Research Office, War 
Department, for the idea of checking the kinematic 
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adequacy of instrument drives by means of phase- 
plane curves. Valuable advice in the preparation of 
the article was obtained from Mr. F. J. Miller and Mr. 


F. A. Ross. both of the Naval Gun Factory. 
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Molder Has Large Capacity 


AVING a capacity of 22 pounds of powder or 
polystyrene per shot, this vertical molding ma- 
chine, designed and developed by Worcester Moulded 
Plastics Co., has a 25 per cent greater molding ca- 
pacity than similar machines. Four huge preplas- 
ticizing units at the top of the machine preheat the 





material to give it greater flowing properties which, 
together with 25 per cent greater locking pressure on 
the dies, permit the molding of pieces in sizes here- 
tofore impossible. Size of the platen is 42 by 60 
inches; the machine has a 40-inch stroke; die space is 
40 inches; and average time required to complete a 
molding cycle is between 1 and 2 minutes. 
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Joining Stampings 


Metheds of designing economical joints 
for multiple-piece stamping assemblies 


By Federico Strasser 
Santiago, Chile 
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A good press operation for assembling stampings is 
folding small lugs in the proper places so as to obtain 
a locking action. The simplest form is a single lug located 
in a longitudinal hole and opened sidewise. If the stamp- 
ings are made from thin stock and are large enough, 
several lugs may be used. For center lugs, forming tools 
can be used which cut and bend the lugs simultaneously. 
These are then introduced in the corresponding longi- 
tudinal holes of the counterparts and folded flat. If 
the locking must be tight, the lugs should be twisted. 
Tapered lugs are somewhat more expensive, but on the 
other hand, more efficient. Thin and narrow strips are 
best assembled ito stampings or sheets by first forming 
U-skape sections which can be introduced into the proper 
holes and flattened. A piece of steel sheet which fits snugly 
into holes in the stampings can be used for riveting. For 
light duty, this type of economical rivet gives surprisingly 
good performance. Another good light duty device is 
the embossing of one of more ribs into suitable holes. 
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If the shape of the workpiece allows it, a seaming operation can be used for 
joining two straight edges. The seam may be internal or external. Two drawn 
shells or a shell and a cover may also be joined together tightly by curling. 








Locking together of two parts can often 
be accomplished best by staking—-expanding 
the metal where a shaft or lug fills a hole. This 
is done by either squeezing in the metal around 
the hole or spreading out the shaft. Generally 


_ the staking is not made all around the hole, 


but is interrupted; in most cases it is done 
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only at few points on the periphery as shown 
in the accompanying sketches which represent 
some typical examples. Staking is not limited 
only to round machined parts. The shaft portion 


may have any desired shape and, where practic- 


able. may be simply extruded. J 
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REQUENTLY, the difference between satisfactory 

and unsatisfactory performance of a hydraulic 
system is determined by the amount, size, and type 
of hydraulic tubing used. An unstable hydraulic 
servomechanism can often be stabilized by relocating 
components to minimize the amount of tubing between 
the control valve and the actuator. Replacement of 
short lengths of flexible hose by aluminum or steel 
tubing can also have an equally desirable effect. On the 
other hand, changes of this ‘type may also often 
have an undesirable effect. In any case, the dynamic 
characteristics of hydraulic tubing influence to a large 
extent the dynamic behavior of the hydraulic system 
and must be considered in the system design. 


Equations of Fluid Transmission: The derivation 
that follows applies to straight, continuous sections 
of nonflexible metal hydraulic tubing and is based on 
the assumption that there is no variation in pressure 
along the tubing cross section. An incremental sec- 
tion of tubing of length Az is shown in Fig. 7. The 
pressure P, differs from the pressure P, because of: 


1. Pressure drop due to frictional resistance to flow. 
2. Pressure drop necessary for acceleration of the 
fluid mass. 


Similarly, the output flow rate q. differs from the 
input flow rate q, because of: 


1. Decrease in flow rate due to compressibility of 
the fluid and elasticity of the tubing. 














2. Decrease in flow rate due to leakage. 


Pressure drop due to frictional resistance to flow 
is assumed proportional to the flow rate, gq», at the 
center of the section; 


AP; R.Qo(Ax) (27) 


where AP, is the pressure drop due to frictional re- 
sistance and R, is the frictional resistance coefficient 
per unit length of tubing. Experimental static flow 
tests for determining R, indicate that the resistance 
coefficient is substantially a constant for both the 
laminar and turbulent regions of flow. However, 
the turbulent value is considerable higher than the 
laminar value. In the transition region, R, is de- 
finitely not constant and is difficult to determine. 
For dynamic studies, the a‘ sumption of a constant 
resistance coefficient has proved quite adequate al- 
though adjustment of the numerical value to twice 
that obtained from static flow tests in the turbulent 
region has been necessary before good correlation 
between theory and experiment has been realized. In 
addition to being a function of the state of flow, the 
numerical value of R, is also a function of tubing 
material and size.' 

Pressure drop necessary to accelerate a given mass 
of fluid, AP,,, is proportional to the rate of change 
of flow rate and can be found by considering the 
force necessary to accelerate the mass of fluid con- 


1 References are tabulated at end of article. 
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is the fractional change in volume per unit change 
in pressure. For tubing, this compressibility con- 
stant is modified to include the effects of tubing 
elasticity. Therefore, if( AA) (Ax) is a small element 
of volume within the tubing 









AV 
vO el 1 ) 
APyo A(Az) APo 





(33) 











where AP, is the change in pressure at the center of 
the incremental section. From Equation 33 


(34) 





AV = AA(Ax) = BA(Azx) (APo) 


Differentiation of Equation 34 with respect to time 
yields 





‘iin oe A(az) ( = ) (35) 
So at 











where Aq, is the flow rate decrease due to effects of 
fluid compressibility and tubing elasticity. 

Decrease in flow rate due to leakage, Aqg, is assumed 
proportional to the pressure at the center of the sec- 
tion, Py, and can be written as 









Adg = G, Po(Ax) (36) 


where G, is the leakage factor. For straight sections 
of metal hydraulic tubing, G, is essentially zero and is 
not usually considered in hydraulic system analyses. 
However, the concept will be useful in the discussion 
of the electrical analogy. 

The total pressure drop across the incremental sec- 
tion can be found by combining Equations 27 and 32: 







tained in the incremental volume of Fig. 7. From 








Newton’s Law this force is p 8q0 
P, — Po = RzQ (Ar) + — (Az) ( ) (37) 
A ot 
F=ma=m > (28) 
at ae By combining Equations 35 and 36 the net decrease 


in flow rate through the section is 
where F is the force, m is the fluid mass, a is the 





fluid acceleration, and v is the fluid velocity at the 7 ( Po ) 
center of the section. The fluid mass is given by o — Ge = Gy Ce? + PSUS) | =} (35) 
m = pV = pA(Ax) (29) If pressure and flow rate at any point in the tubing 


where p is the fluid mass density, V is the fluid vol- 
ume, and A is the tubing cross sectional area. Also, 


dv 1 0 
ee ae Oy ee A (30) 
dt A ot 





Substitution of Equations 29 and 30 into Equation 
28 yields 





0qo0 
F = p(Az) ( ) 31) 
r at ' 


Dividing Equation 31 by A gives the required pres- 
sure drop as 


(32) 





F _p(Aa) (2) 
at 


Decrease in flow rate due to fluid compressibility 
and tubing elasticity can be derived from the de- 
finition of the fluid compressibility constant 8, which 
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are assumed to be continuous functions of the dis- 
placement along the tube at any given time, these 
quantities can be expressed in expanded form as a set 
of infinite series. Thus, at any point along the incre- 
mental section of Fig. 7 the pressure, P, is given by 


OPo x2 02 Po 
P=P,+a(—*) += (=) 4....... com) 
Ox 2! 0x2 








and the flow rate by 


2 Qo ) x ( 0" do ) 
Sm + el aw) + ef re (40) 
ome ( aa 2! \ da2 





By substituting x = + Az#/2, 


Az Po 
nen-42(2%). 
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2! 4 0 x2 
Ax 0Po 
P2 - Po + == ( ) >; 
2 ee 
1 Ax? 02 Po 
wanna ( )( ) i och s (42) 
2! 4 0 x? 
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A? BT qo 2 aa 
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Table 2—Analogous Electric-Hydraulic Quantities for 
Hydraulic Tubing 





Tubing Parameter 


Electric Analogy Correlation 





Pressure, P Voltage, ZH E=P 
Flow rate, q Current, 4 i=q 
Fluid compressibility Capacitance per C,= BA 
and tubing elasticity unit length,’ C, 
per unit length, BA 
Frictional resistance Resistance per R,= R, 
coefficient per unit unit length, R, 
length, R, 
Equivalent fluid inertial Inductance per Lz, = p/A 
constant per unit unit length, L, 
length, p/A 
Tubing leakage factor Conductance per G, = G, 
per unit length, G, unit length, G, 
Tubing length, / Transmission line 1=1 


length, 7 











Neglecting terms of higher order differentials and 
subtracting Equation 42 from Equation 41, 


(45) 





OPo ) 


P, — Pz = — da ( 
ox 


Also, subtracting Equation 44 from Equation 43, 





= 00 
a1 — a = — As (—4 ) : (46) 
By combining Equations 45 and 46 with Equations 
37 and 38 the fluid transmission equations for straight 
sections of the hydraulic tubing are obtained. 











0Po Pp (>-.) 

+ Re@ + ——( ——)=0.............€47) 
on ses A ot 
a aP 
= + @_Po + pa( yao...  eacae (48) 
Ox ot 


Electric Transmission Line Analogy: The procedure 
used for deriving the equations of fluid transmission 
parallels almost exactly the procedure used for deriv- 
ing the equations which describe the behavior of an 
electric transmission line.2. These analogous equations 
are 


dz } 0% 
— + Ri+ L | — }=0 .. (49) 
Ox ot 
04 oz 
—— + GB + O{ —— }) = © (50) 
Ox ot 


A comparison of Equations 47 and 49 and Equations 
48 and 50 reveals that they are identical in form and 
thus serve as the basis for using the characteristics 
of the electric transmission line in describing the be- 
havior of hydraulic tubing. Analogous quantities in 
these equations are tabulated in TABLE 2. 
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Solution of the transmission line equations for fre- 
quency response characteristics yields two parameters 
which completely determine the behaviour of the 
transmission line. These parameters are the charac- 
teristic impedance, Z,, and the propogation function ql, 
which are defined by 











R, + joLl, 
Z. =] . Joly; (51) 
jol, 
al = lV (R, + toL,) (GoC,) (52) 


where / is the length of the transmission line, w is the 
frequency of operation in radians per second and j, the 
operator, is equal to \/ —1. Since the leakage factor 
for hydraulic tubing is negligible it is not included in 
these defining equations. 

By treating hydraulic tubing as an electric trans- 
mission line, a very important simplifying approxima- 
tion can be obtained. From network theory, a series 
of cascaded “T” sections, Fig. 8, approximate line be- 
havior. The error in the characteristic impedance of 
the simulated line is given by 

1 
100 (—-) ( 
8 n 


) 2 
100 


1 2 
— (R, + joL,) (joC;) ( -—) . 
8 n 


al 


8(Z,) 





(53) 


Error in the propogation function is a third of the 
error in Z,. In Equation 53, n represents the number 
of “T” sections used for the approximation. Thus the 
distributed parameters of the hydraulic tubing can be 
replaced with the lumped parameters of the simulat- 
ing network. 


ELECTRIC ANALOGIES 


lengths of 25 ft or less can be satisfactorily approxi- 
mated with the single “T’”’ network shown in Fig. 9. 
For longer lengths of tubing or when the system res- 
onant frequencies become greater than 20 cps two or 
more sections may be required for satisfactory simu- 
lation. 


Bends and Fittings: The transmission line analysis 
given here applies only to straight sections of uniform 
hydraulic tubing. When bends and fittings occur they 
must be handled as entirely separate components in 
the electric analogy. Therefore, a long piece of tubing 
in which a single fitting occurs must be simulated with 
two sections of “T” networks separated by the im- 
pedance of the fitting. This impedance is generally a 
resistance. When bends occur in the tubing a similar 
situation exists and the electric analogy will have the 
“T” networks separated with impedance representa- 
tions for the bends. Unless the radius of the bend is 
very large this impedance can also be considered re- 
sistive. Experimental resistance characteristics ob- 
tained for various bend angles of a section of alumi- 
num tubing are shown in Fig. 10. 


Flexible Hose Characteristics: Attempts to treat 
sections of flexible hose in the same manner as metal 
tubing have not been successful. Discrepancies which 
have occurred have recently been traced to the fact 
that the fluid compressibility and tubing elasticity fac- 
tor per unit length of hose is not a constant but a very 
sensitive function of pressure along the hose. The as- 
sumption that this factor is an evenly distributed 






























































In most hydraulic system applications, tubing parameter along the tubing is fundamental to the 
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transmission line analysis and therefore cannot be 
valid in applications to flexible hose. 

Although the transmission line analysis breaks 
down in systems containing flexible hose the qualitative 
effect can be stated. In the electrical analogy the 
same qualitative effect can be obtained by adding in- 
creased capacitance to the transmission line. There- 
fore, if a system is analyzed on the basis that metal 
tubing is used, the effect of adding increased amounts 
of capacity to the line will determine whether flexible 
hose will improve or impair system performance. 








Hydraulic-electric analogies developed in this and 
the preceding part provide a basis for analysis of a 
complete hydraulic system. In the next and conclud- 
ing part of this series, application of these analogies 
to the analysis of a hydraulic servomechanism will be 
demonstrated. 
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Bends Aluminum Alloy Wing Beams 


U SED primarily for bending wing beams but cap- 

able of handling other type beams, this new ma- 
chine can bend a 5 by 34-inch 75ST aluminum alloy 
beam as much as 50 degrees. It can handle beams 
with an overall length of 60 feet or more. Insert as- 
semblies are forced together by two upper cylinders 
and locked in place by two horizontal pistons. Parts 
are heated to 325 F at the point of bend. A rotational 
control can be adjusted so that springback does not 
warp the bent part out of the proper plane. 

Prior to the development of the new beam bender 
the bending of beam caps and other extrusions had 
been accomplished by the use of bend blocks and 
dies. The 75ST alloy, however, requires hot bending, 
making previous methods impractical. This new ma- 
chine accomplishes in 3 minutes jobs which formerly 
required 30 minutes, and greater accuracy in bending 
is claimed. 

Designed by the manufacturing research branch of 
Lockheed Aircraft Corp. and built by Hufford Machine 
Works Inc., the machine incorporates tooling which 
provides for complete control over the process. 

Operating on self-contained hydraulic power, the 
bender has integral heater platens which are auto- 
matically regulated for temperature. Because the 
amount of springback obtained reflects a difference of 
+2 F, the temperature of the part can be measured 
while it is clamped in the machine. 

Inserts fit into the jaws which adapt them to the 
part cross-section; clamps close the jaws and grip 
the part. An equalizer ensures symmetrical elevation 


of the jaws when bending, and adjustable centers of 
motion for each jaw, as well as automatic, adjustable 
stops, control the amount of bend. The jaws rotate 
around the beam center line to proportion the dihedral 
and sweepback angles properly and io allow for 
springback in both planes. 

The machine can pull backward to correct a beam 
which is inadvertently overbent during initial adjust- 
ment, and it can also remove twist warpage which 
sometimes occurs in machined or extruded parts. 
Speed of bending is adjustable and all functions are 
controlled by pushbuttons on the control stand. 
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Improving Fatigue Life 


Tests on roller chain link plates show 
comparative effects of several methods 
of inducing beneficial residual stresses 








By M. K. Gerla 


Whitney Chain Co. 
Hartford, Conn. 


NCREASING severity of service conditions in ma- 
I chinery is prompting constant search for lighter, 

stronger, and less expensive elements to do a re- 
quired job. This has given impetus to many research 
programs aimed at developing parts which are more 
fatigue-resistant under heavy or abnormal loads. 

As an example, roller chain has been the subject of 
considerable research along these lines. The findings 
reported in this article, although specifically pointed 
toward the development of improved chain links, have 
significance in relation to many other types of ma- 
chine elements employing similar configurations and 
processing methods. 

In normal use, recommended loads on chain drives 
are well below the ultimate strength of the chain. 
However, loads greater than recommended are some- 
times demanded, and in these instances fatigue failure 
of the link plate may occur due to the nature of the 
loading. The constant cycling of the load from a 
maximum tensile load to a minimum, or zero tensile 





— 
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load, coupled with stress concentrations and impact 
loads inherent in roller chain design, all contribute to 
possible fatigue failure at high loads. 

Various changes in the construction of roller chain 
have been tried in order to improve the fatigue char- 
acteristics. For example, heavy-series chain with 
thicker link plates and multiple-strand chain having 
substantial press fits between pins and center link 
plates reflect previous effort in this direction. 

In investigating other avenues for improvement, re- 
search has now been focused on the treatment of the 
chain link plates by various means. These treatments 
are applied to otherwise finished parts, the object be- 
ing to impart beneficial residual stresses. All of these 
variations of a long-recognized principle have been 
used in various other mechanical parts subject to 
cyclic stressing. 

Tests were run on individual link plates for No. 100 
ASA roller chain rather than on assembled chain. 
The variations in fatigue life of assembled chain, 
caused by factors such as bending, eccentric loading, 
impact, and minor differences in pitch due to manu- 
facturing methods, are eliminated when the part is 
tested alone. Testing individual link plates permitted 
judgment of the efficacy of a particular method of 
treatment with respect to fatigue resistance of the 
part. However, it was not expected that the improve- 
ment in the link plate would necessarily show equal 
improvement in the chain. 

A Sonntag universal fatigue-testing machine was 
used for the tests, the desired tensile load being ap- 
plied and released at the rate of 1800 cycles per min- 
ute. A small preload was applied to the specimen so 
that when the main load was released, the sample 
was under slight tensile load. Fig. 1 shows a link 
plate mounted in the fatigue machine. 

All tests reported here were run on the same size 
pitch link plates since only the effect caused by the 
variation in treatment was being studied. Most of 
the plates were test-d to failure, but several were re- 
moved from the test machine unbroken. The results 
of the latter tests have been marked with an arrow 
on the L-N curves, Figs. 2 through 8. 

Seven groups including a control sample were test- 
ed. Treatments, indicated in the caption for each L-N 
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Shot peened 
Bushed 


Prestressed 


Drifted 


Embossed 


Compressed band 


curve chart, were applied to prestress the area of the 
hole where fatigue failure of roller link plate normally 
begins. This type of failure is shown in Fig. 9. 

Results shown are direcily comparable (except for 
the shot-peened plates) since all plates were carefully 
controlled before the treatments were applied, and 
were identical within normal manufacturing limits. 
The shot-peened plates were taken from a different 
production run. The data shown are confirmed by 
other test curves not included here. 

Tests were limited to 50 per cent of the average ul- 
timate strength because in most practical applications 
higher loads would not be used. Loads approaching 
one-third of the average ultimate strength are some- 
times encountered in unusual chain applications where 
chain life of a small number of cycles is acceptable. 
Therefore, the region of the curve shown is that in 
which most chain loads fall. One specimen of each 
type was tested to 10 million cycles without failure 
in order to find the endurance limit. The limits ob- 
tained are approximate, further refinement being con- 
sidered unnecessary at this stage of the research pro- 
gram. 

Fig. 10 shows graphically the comparison of endur- 
ance limits. While each of the treatments applied to 
the standard roller link plate shows some improve- 
ment, the increase varies in amount from 15 to 75 per 
cent. Tests on assembled chain would be required to 
determine how much the fatigue life of assembled 
chain would be improved by each treatment. How- 
ever, the tests reported here indicate that roller link 
plates can be treated to produce residual stresses 
which increase fatigue life. 








) esun LACK of a better name, a 

special class of synthetic oils is 
often identified as “tailor-made” 
oiis. These are tailor-made in or- 
der to obtain certain optimum prop- 
erties, in the way that synthetic 
fibers are synthesized to obtain 
specific qualities. Just as synthetic 
fibers are not intended to entirely 
replace cotton or wool, so tailor- 
made oils are not intended to re- 
place petroleum oils; instead, they 
are designed for special applica- 
tions where petroleum products do 
not function well enough. 

Synthetic liquids which have re- 
ceived the greatest attention in the 
field of lubrication in the past 10 
years are the aliphatic esters, the 
polyalkylene oxides, the silicones, 
the esters of phosphoric and silicic 
acids, and the highly fluorine-sub- 
stituted hydrocarbons. Much prog- 
ress has been made in relating the 
molecular structure of such liquids 
to the viscosity, viscosity-tempera- 
ture coefficient, volatility, freezing 
and boiling point, and boundary lu- 
bricating properties. A good basis 
now exists for predicting the prop- 
erties of many interesting chemical 
variations of these and analogous 
materials. 

Tailor-made oils have certain in- 
herent advantages over the mineral 
oils produced by modern methods. 
Since they are homogeneous in the 
chemical sense, all of their proper- 
ties are readily predicted and con- 
trolled. Familiar types of chemical 
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Synthetic Lubricants 


Available in many variations, synthetic 
oils and greases may be tailor-made 
to fit special engineering applications 







By W. A. Zisman 


Naval Research Laboratory 
Washington 25, D. C. 


addition agents can be used to im- 
prove them, and the development 
of compounded oils is generally 
simpler, since there are no unde- 
sired chemicals present to cause 
variations from one _ production 
batch to another in the response to 
antioxidants, V. I. (viscosity-index) 
improvers, detergents, oiliness ad- 
ditives and wear preventives. 

When “thick film” or hydrody- 
namic conditions of lubrication pre- 
vail, rheological and heat transfer 
properties of the oil are dominant. 
When boundary conditions prevail, 
significant properties are now 
known to be not only the physical 
properties of the surfaces but also 
the nature of the surface reaction 
products formed with chemically 
reactive materials in the oil. There 
definitely is a contradiction in re- 
quiring that a synthetic oil with a 
‘ow temperature coefficient of vis- 
cosity and a low freezing point 
should not need antiwear additives. 
Chemists are beginning to recog- 
nize that it is much more effective 
to synthesize oils to provide the 
necessary antiwear, antiseize and 
corrosion inhibiting properties. 
Therefore, in developing either syn- 
thetic or petroleum oils, various 
kinds of chemical additives are 
nearly always needed to care for 
the more extreme conditions of lu- 
brication. 


Properties: Lubricating oil vola- 
tility has become an important 
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property in the past 15 years. This 
is due to the increasing use of oils 
of lower viscosity and to the rela- 
tion of volatility to the rate of oil 
consumption in some uses and to 
flammability in others. Thus, in 
turbojet engines the rate of oil con- 
sumption rises with the oil volatil- 
ity as do the flammability, the rate 
of lacquering, and the tendency for 
the oil to boil off the bearing after 
engine shutdown. Volatility in in- 
strument oils decreases the max- 
imum allowable time before relubri- 
cation; in aircraft control bearings 
it causes the greases to dry up; 
and in oils and greases for electric 
motors, it decreases the upper tem- 
perature limit of operability and 
the service lifetime of the lubricant. 

Especially useful are oils having 
the combined properties of low 
volatility at 210 F, low viscosity 
at 100 F, and low pour points (or 
freezing points). In TABLEs 1, 2 
and 3 will be found data for syn- 
thetic oils on: 


1. Viscometric properties from 210 
to —65 F. 

2. ASTM evaporation rate at 210 F. 

3. Cleveland open cup flash point. 

4. Pour point (or freezing point). 


In TABLE 1 are the liquids having 
viscosities at 210 F of around 10 
centistokes; in TABLE 2 are those 
having viscosities at 100 F of 
around 10 centistokes; and in 
TABLE 3 are those having viscus!- 
ties at —65 F of 1,500 centistokes 
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Table 1—Properties of Synthetic and Reference Oils 
(Viscosities approximately 10 centistokes at 210 F) 
Evaporation Flash point Pour point 
ou Viscosity rate at 210 F Cleveland 
(centistokes) ASTM Open Cup 
—65 F —40F oF 100 F 210 F (% in 22 hr) (deg F) (deg F) 
Grade 1120 petroleum oil (MIL-0-6082) . _—_...... coos eee 369 24.9 <0.1 545 < 20 
Methylphenyl] silicone (DC-550) ........ se seee >60,000 2960 95.4 20.7 <0.1 >600 —62° 
Polyethylene oi] (SS-903) ......-ecceess  cvvos - een 25,000 219 20.1 cee 385 —20 
Grade 1060 petroleum oil (MIL-0-6082) . evens eees eee 121 12.4 <0.1 455 < 
Polyisopropylene oxide diester 
es Ge: SLD Saccceneccasccane «seen eevee one 70.8 12.6 eee 465 —55 
Polyisopropylene oxide (LB-300-X) .... «..... eeee 4000 65 11.0 0.4 490 —40 
Ps GE ERR cn cccccciseccees § seaes 4000(max) eee oes 10(min) 22(max) 265(min) <—70 
Petroleum hydraulic oi] (2-79B) ........ se eeee 7500(max) eb 38 (min) 10(min) ites 225(min) <—50 
Methyl silicone (DC-200) .............- 300 170 78 22 9.2 <0.1 520 —70 
Polyisopropylene oxide (DLB-130 BX) .. 200,000 13,000 750 28.4 6.5 eee 485 <—65 
Fluorinated oil (Hooker-Fluorolube Std.) ..... neon eee 86.9 5.6 ose (none) > «= 
Perfluorohydrocarbon (Dupont FCD-332) _........ beeen eos 164 4.6 40 (none) > oO 
Pentaerythritol tetracaproate .......... esses 4690 452 20 4.4 <0.1 477 —40* 





* Freezing point. 
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Table 2—Properties of Synthetic and Reference Oils 
(Viscosities approximately 10 centistokes at 100 F) 
Evaporation Fiash point Pour point 
ou Viscosity rate at 210 F Cleveland 
(centistokes) ASTM Open Cup 
—65 F —40F or 100 F 210 F (% in 22 hr) (deg F) (deg F) 
Bis (2-ethylhexyl) sebacate ............ 8600 1410 187 12.6 3.3 0.1 450 —67 
Bis (3, 5, 5-trimethylhexyl) glutarate .. 17,000 1890 190 11.9 3.2 0.5 see <—75 
Polyisopropylene oxide (DLB-65-B) ..... 17,000 1950 190 11.8 3.2 eee 380 <—65 
Triamyl tricarballylate .....ccccccccece cecce 2000 207 10.9 2.6 0.4 ee <—65 
Bis (2-ethylhexyl) azelate ...........+... 8000 1190 156 11.4 3.1 0.2 445 <—75 
Synthetic oi] (MIL-O-6085) ........0002 sw eeee 2000(max) as 13 t vr 1,0(max) 365(min) —70 
Grade 1010 petroleum oil (MIL-0-6081) . 40,000 3000( max) see 10(min) oes (not required) 265 (min) —70 
DME HOMME «wees sccccccccccseccces 6480 1135 149 10.3 2.8 0.3 385 <—7 
2-Methyl-1.3 pentanediol dipelargonate .. 4680 885 123 10.0 2.7 0.5 o* 
Dipropyleneglycol dipelargonhate ........ aeeee eens 125 9.5 2.7 1.1 see —30° 
Polyisopropylene oxide diether 
Se SD Sceesedctcrciascs 7700 1000 120 9.4 2.9 én 370 <—65 
Bis (2-ethylhexyl) pimelate ............. 4970 878 122 9.3 2.7 0.3 — <—65 
Bis (2-ethylhexyl) adipate ............ 4500 807 107 8.2 2.4 0.6 380 <—70 
Polyisopropylene oxide (DLB-50 BX) .. 9500 905 109 8.0 2.5 16.0 350 <—70 
Moethylaiiicome (DC-300) .cncccccccccccse evecve 60 28 7.9 3.5 va 325 —80 
1, 5-Pentanediol bis (2-ethylhexanoate) . 5600 920 117 7.8 2.2 0.8 san —50 
Perfluorohydrocarbon (Dupont FCD-330) _....... 14,500 297 6.3 1.3 100 (none) —45 
Petroleum hydraulic oil (MIL-0-5606) .. —...... 500(max) eee 14 § ° (not required) 200( min) <—75 
Synthetic gas turbine oil (MIL-L-7808) . 13,000(max) eee ose 11.0(min) 3.0(min) (not required) 385( min) <—75 
* Freezing point. t Approximate viscosity at 100 F; specification requires a minimum of 8 centistokes at 130 F. § Approximate viscosity at 
100 F; specification requires a minimum of 10 centistokes at 130 F, 





Table 3—Properties of Synthetic and Reference Oils 




















(Viscosities of 1500 centistokes or less at —65 F) 
Evaporation Flash point Pour point 
ou Viscosity rate at 210 F Cleveland 
(centistokes) ASTM Open Cup 
—65 F —40 F OF 100 F 210 F (% in 22 hrs) (deg F) (deg F) 
' 
Special low temperature lubricating oil 
| (BEER Le BTSSR BUTE) 2c ccccccccsccsescccecs 1500 (max) ee oe 5.0 (min) ove 6.0 (max) 300 (min) <—75 
Tetraisooctyl silicate (Cal. Res. Corp.)......... 1500 365 73 7.6 2.5 2.2 eae er 
f Bis (2 methylpentyl) glutarate ................ 1390 279 48.1 5.2 1.7 4.1 385 <—65 
1,5-Pentanediol (2-ethylbutyrate) ............+. 1360 280 48 5.2 1.7 4.9 eee <—65 
Dibutyl trimethyladipate ...........ceeeeseeees 1220 220 43 4.9 1.6 9.1 350 <—65 
‘ 3-Methyl-1,5 pentanediol bis 
CIID DURRIIINE oo kno cinicccsdsiews cas 924 203 40 4.8 1.7 3.9 355 <—65 
Bis (2-methylbutyl) adipate .................. 932 204 39.2 4.8 1.6 5.6 340 <—65 
1,5-Pentanediol bis (2-methyl pentanoate)...... 719 170 35 4.5 1.6 4.8 340 <—65 
eG PI, 56 Sc mavecbascccenctamasiees 671 180 41 5.4 1.9 2.6 375 <—75 
Dibutyl (2-ethyl glutarate) ................+++. 627 140 28 3.7 1.4 15.1 310 <—75 
***Oxo’’ process amyl alcohol. 
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or less. These three groupings are 
useful because the liquids in TABLE 
1 are in the viscometric and boiling 
point ranges of oils that might be 
useful at the higher temperatures; 
those in TABLE 2 are more suited 
because of viscometric and low 
pour point properties for use in 
equipment exposed to a wide range 
of temperatures; while those in 
TABLE 3 are especially suited to 
applications in fine instruments or 
other mechanisms having low pow- 
er input for operation at ordinary 
and extremely low temperatures. 

Although nearly all of the liq- 
uids in TABLE 1 have flash points 
well above 400 F and evaporation 
rates of under 0.1 per cent, few 
have pour points much below 0 F. 
The fluorocarbons are noteworthy 
because they have pour points 
above 0 F and evaporation rates 
which are much greater than those 
of any other oils in this group. 
Polyethylene oil has one of the 
lowest flash points of all and a pour 
point of only —20 F. But sili- 
cones, polyalkylene oxides and high 
molecular weight aliphatic esters 
are each becoming increasingly 
more useful as high temperature 
oils because of their low volatilities, 
high flash points, and nonsludging 
characteristics. 

A wide spread in the evaporation 
rates is exhibited by the liquids 
listed in TABLE 2 especially when 
the low pour-point petroleum oils 


are compared with most of the syn- 
thetics. Many esters, doubly chain- 
stoppered polyalkylene oxides, and 
methyl silicones have evaporation 
ranges of from 0.1 to 0.5 per cent 
as compared to 8 to 20 per cent or 
more for the petroleum products. 
It will be noted that many of the 
esters have lower evaporation rates 
and higher flash points than the 
other liquids. Viscosities at —65 F 
range from 5,000 centistokes in 
some of the synthetics to 20,000 in 
others, while the petroleum prod- 
ucts have values of 40,000 centi- 
stokes or more. The extremely high 
volatility of fluorinated oil FCD- 
330 is characteristic of the perflu- 
orohydrocarbons having low pour 
points. 

When liquids are required in the 
viscosity range of TABLE 3, there 
are obvious advantages in employ- 
ing synthetic oils. Thus, grade 
1005 petroleum oil, which has a 
viscosity at 100 F comparable to 
most of the liquids in TABLE 3, has 
a viscosity at —65 F of around 
2,000 centistokes, a flash point of 
225 F or less, and an evaporation 
rate of 20 per cent. In marked 
contrast, most of the synthetics in 
this group have viscosities at —65 
F of 700 to 1,500 centistokes, flash 
points of 340 to 385 F and evapora- 
tion rates of 3 to 6 per cent. 

Many of the other properties of 
these synthetic oils are now fully 
described in the literature and so 


Fig. 1—Extreme temperature synthetic greases. 
Cross hatch areas indicate temperature in which 


lubricant functions, but wit 


shortened life 
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DESIGN ABSTRACTS 


will only be mentioned briefly. 
These include the limited oiliness 
properties of silicones and their 
excellent oxidation resistance; the 
stability and nonflammability of 
the fluorocarbons as well as the 
limited solubility for oils and ad- 
ditives; the appreciable detergency 
of ester oils, their excellent re- 
sponse to inhibitors and. oiliness ad- 
ditives, their freedom from engine 
deposits and sludging, their com- 
patability with petroleum oils and 
polyisopropylene oxides, and their 
deleterious effects on certain types 
of plastics, paints, and rubber; and 
finally, the detergency of polyalky- 
lene oxides, their freedom from 
sludging and lacquering, their pe- 
culiar water solubility properties, 
the problem of obtaining a high 
degree of rust inhibition in sonie 
applications, and their attack on 
some types of paints. 

In comparing or classifying the 
synthetic oils, it should be recog- 
nized that, as with synthetic fibers 
and plastics, no one oil is best for 
all uses. Much research has been 
directed to learning the proper 
fields of application of each of 
these new liquids, how to blend 
them, and how to modify their 
properties with chemical addition 
agents. Naturally, engineers would 
like to know which synthetic oil is 
best for each type of application 
or else in which oil there exists 
each important property to the 
highest degree. However, the fre- 
quent existence of physical, chem- 
ical and economic requirements pe- 
culiar to each lubrication problem 
can make it difficult to use either 
of these two types of general com- 
parison. Wherever possible each 
potential user or equipment design- 
er should seek guidance from spe- 
cialists about the applicability of 
the new synthetic lubricants to his 
own problems. 


Greases: New greases made from 
synthetic oils were introduced early 
in World War II commencing with 
the aliphatic esters and followed 
by the polyalkylene oxides, the sil- 
icones, the silicone-diester blends, 
and more recently, the fluorinated 
hydrocarbons. In the postwar years 
there has been increasing interest 

(Continued on Page 255) 
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ia, Doe ee fo. 


Gear Drives are used in all kinds of rugged applications, both 

| here and abroad. Units for such purposes as dry dock installa- 

lations, for example, must be designed for day in and day out THE 
rf ithout the f down-time f irs of pera 

performance, without the frequent down-time for repairs often SEAL 

encountered with old-fashioaed Shaft Sealing methods. That’s PRINCIPLE 

why you'll find ROTARY SEALS used throughout major lines | CEeens 

of gear drives—to provide Certainty in that critical factor of is the original approach to 

a practical solution of a uni- 


Shaft Sealing. versally troublesome prob- 
lem. Our booklet "SEALING 


Most ROTARY SEALS are specially adapted for a given appli- WITH CERTAINTY” explains 

cation from the basic ROTARY SEAL principle. Our engineers, and illustrates the principle. 

experienced in the solution of Shaft Sealing problems for manu- ade a 

facturers large and small in many widely varying fields, will be 

glad to consult with you on 

me i mechanical your requirements. It’s wise to call us in at the drawing 
| = als board stage—we can often suggest the simplest design 

— A for approach from the Shaft Sealing Standpoint, based on 

, = successful jobs in many lines. 
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HARTWELL 
H-5150 
Flush 
Latch 
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The new H-5150 latch originally designed 
for flush installation on modern locomo- 
tives, is now available for any use calling 
for a large rugged latch. The bolt of the 
H-5150 contains a spring loaded button 
that allows for variations in closure 
contact. In this manner access panels and 
doors are held tightly shut although doors 
and frames are not in perfect alignment. 
The operating trigger which measures 
1%” x 1%” makes this latch easy to open 
even when operator is wearing heavy 
gloves or mittens. The H-5150 is made of 
stainless, coated cold rolled steel or heat 
treated aluminum in various offset 
combinations for different door and 
frame thicknesses. 


All Hartwell Flush Latches and Hinges 
are the result of over a decade of 
uninterrupted specialized design and 
manufacture. 


Write for new Hartwell Flush 
Latch and Hinge Catalog. 


HARTWELL 


COMPANY 


9035 VENICE BOULEVARD, 
LOS ANGELES 34, CALIFORNIA 
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Dorian Shainin and Franklin E. Satterthwaite have 
joined Rath & Strong Inc., industrial consultants, 
Boston. Mr. Shainin, who has done outstanding work 
in developing new quality control methods, originated 
the “Lot Plot” system of sampling inspection which 
has found wide use in industry. A graduate of the 
Massachusetts Institute of Technology, he has been 
associated with the Hamilton Standard Div. of United 
Aircraft Corp. for the past 16 years. He has served 
as seminar chairman at meetings of the American 
Management Association, is a fellow and former New 
England regional director of the American Society for 
Quality Control and chairman of the association’s 





Dorian Shainin F. E. Satterthwaite 


Aircraft Technical Committee, and is past chairman 
of the Eastern Region Inspection Committee of the 
Aircraft Industries Association. He won the ASQC 
1952 Brumbaugh Award for the paper that has made 
the greatest contribution to the development of in- 
dustrial application of quality control. Mr. Shainin, 
who has written other articles for MACHINE DESIGN, 
is the author of the current series “Quality Control 
Methods,” Part 7 of which begins on Page 150 of this 
issue. 

Dr. Satterthwaite received his doctorate in mathe- 
matics and statistics at the University of Iowa. For 
the past six years he has served as quality control en- 
gineer and statistical consultant for General Electric 
Co. in its appliance, wire, small motor, transformer 
and chemical operations. He is an authority on the 
application of statistical methods to research and en- 
gineering and has developed quality control proced- 
ures through cost analysis and incorporated all avail- 
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LOUIS ALLIS specializes 


in special motors! 


IND out about special mo- 
tors — how they help to 
step up machine performance. 


Call in a Louis Allis engineer. 


He’s an expert in motor de- 
sign — knows control and 
drive characteristics. He’s 
probably solved drive prob- 
lems like yours for other Louis 
Allis customers. At any rate, 
he has a wealth of motor ex- 
perience—experience that lets 


him make sound recommenda- 


tions to you—experience that 


often helps you get improved 


product performance, 


So, when you need special 
motors — regardless of elec- 
trical and mechanical charac- 
teristics, speeds or torque re- 
quirements — take advantage 
of Louis Allis’ specialized 
know-how. Save time, save 
money, improve product per- 
formance. Call in the Louis 


Allis engineer near you. 


THE LOUIS ALLIS CO., Milwaukee 7, Wisconsin 
























VARIABLE 
SPEED 
TRANSMISSIONS 


Wherever you install a LOVEJOY Select- 
O-Speed Transmission you insure com- 
plete control of operational speeds at all 
times. Practically at the touch of a finger 
an almost infinite number of speed varia- 
tions can be obtained—instantly—while the 
machine is running! Operational variables 
are no problem. Adjustment for operator 
ability, handling parts or stocks of various 
sizes, material differences, temperature 
changes, etc., are accomplished without 
loss of time or labor. 


LOVEJOY Select-O-Speed Transmissions 
are economical in initial cost, as well as in 
upkeep. They use standard V-belt drives 
and can be readily installed on new or 
old machines. Ratios up to 10 to 1. Sizes 
to 5 hp. Lever or hand wheel control. 
Fully enclosed for safety and protection 
against dirt and foreign particles. 


( 





Write today for 
illustrated catalog 
and engineering data 





Also Mfrs. of Lovejoy Flexible Couplings, 
Lovejoy Variable Speed Pulleys and 
Lovejoy Universal Joints. 


LOV.JOY FLEXIBLE eo ti 155, lcm eer 


5018 W. Lake St. Chicago 44, Illinois 
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able information, statistical and nonstatistical, into 
quality control decisions. Dr. Satterthwaite is a di- 
rector and fellow of the American Society for Quality 
Control and a member of its Educational Committee. 
He is also a member of the American Chemical So- 
ciety, the American Institute of Electrical Engineers, 
Society for the Advancement of Management, Amer- 
ican Society for Engineering Education, Institute of 
Mathematical Statistics and American Mathematical 
Society. 


° 


Thomas J. Kelly has been appointed manager of en- 
gineering for the General Electric Co. Appliance Con- 
trol department at Morrison, Ill. He will be in charge 
of development and design of the department’s prod- 
ucts. 


° 


The newly created position of assistant director of 
engineering of the Tractor Div. of Allis-Chalmers 
Mfg. Co., Milwaukee, has been filled by W. L. Voegeli, 
who has been associated with the company since 1935. 

The company also recently announced that Gerald 
E. Smart, a plant engineer at the Norwood, O., works 
since January 1951, has been placed in charge of the 
plant engineering department there. He had been en- 
gaged in tool engineering work at the West Allis 
works before transferring to Norwood. 


° 


Bernard James Rainey, recently named to the en- 
gineering staff of Auburn Button Works Inc., Auburn, 
N. Y., has been assigned to the company’s vacuum 
forming division. He was formerly a design engineer 
for John Verdiun Machine Corp., Paterson, N. J. 


* 


Ryan Aeronautical Co., San Diego, Calif., has an- 
nounced the appointment of G. C. Danch and A. Dey- 


armond to key posts in its engineering department. 





Mr. Danch, who has been associated with the develop- 
ment of fighter planes at the Fighter Branch of the 
Navy Bureau of Aeronautics, will serve as executive 
assistant to the director of engineering and will per- 
form special assignments. Mr. Deyarmond was chief 
of structures for Ryan from December 1946 to April 
1948; prior to his present appointment he has been 
chief of the special studies office of the Air Technical 
Intelligence Center at Wright-Patterson Air Force 
Base. He will again serve as chief of structures and 
will also be chief of aerodynamics. 


° 


Westinghouse Electric Corp., Pittsburgh, recently 
announced several new appointments in two of its di- 
visions. C. B. Campbell was named consulting engi- 
neer, and J. R. Carlson, manager of engineering for 
the Steam Div. Mr. Campbell joined Westinghouse 
in 1919 as a technical apprentice, has held various su- 
pervisory positions in the division’s engineering de- 
partment, and since 1944 has been manager of engi- 
neering. In 1926 Mr. Carlson also joined the company 
as a technical apprentice. He has been associated 
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with the engineering department since 1941 and has 
served as manager of the general engineering section 
since 1947. 

Parker W. MacCarthy is now manager of the jet 
engine section, electric appliance engineering depart- 
ment, at the company’s Electric Appliance Div. plant 
in Columbus, O. Formerly in charge of compresser 
design for domestic refrigeration units at the divi- 
sion’s East Springfield, Mass., plant, he will now be 
responsible for transmitting design information to the 
factory for the manufacture of jet engine components. 


e 


To direct production engineering activities, F. Clark 
Cahill was recently appointed chief engineer of the en- 
gineering and production division of Airborne Instru- 
ments Laboratory Inc., Mineola, L. I., N. Y. He for- 
merly served as supervisor of the radar section in the 
laboratory’s research and engineering division. 


. 


Greer Hydraulics Inc., Brooklyn, N. Y., has ap- 
pointed F. W. Gottschling as administrative engineer. 
He will assist the president and chief engineer. Mr. 
Gottschling will supervise the scheduling of all engi- 
neering projects and the utilization of engineering 
manpower and will also co-ordinate the engineering 
department functions with those of other departments 


of the company. 
° 


William T. Stephens has joined the Parker Appli- 
ance Co., Cleveland, as staff engineer in charge of the 
company’s development program of industrial hydrau- 
lic equipment. He was formerly vice president and 
general manager of the Valve Service Co., Willoughby, 
O. Prior to that association he had been affiliated 
with the Commercial Shearing and Stamping Co., 
where he rose to the position of chief engineer and 
manager of the hydraulic division, and also helped 
establish Hydreco Inc. in 1935, served as chief engi- 
neer of this concern for ten years and then acted as 
a general hydraulic consultant before joining Valve 


Service Co. 
. 


Loewy Construction Co, Inc., subsidiary of Hydro- 
press Inc., New York, has announced the promotion 
of H. Albers to chief engineer in charge of the United 
States Air Force Heavy Press Program, and the ap- 
pointment of G. Krause as chief designer in charge 
of the same program. 

SJ 


Key personnel for the government’s huge atomic 
energy plant which is now under construction near 
Portsmouth, O., is being organized at offices of the 
newly created Goodyear Atomic Corp., Akron, O., 
subsidiary of The Goodyear Tire & Rubber Co. Wil- 
liam A. Brown heads the staff engineering and main- 
tenance division, and Hugh F. Porter Jr. is head of the 
electrical and instrument division. Thomas W. Leary 
has been appointed superintendent of process main- 
tenance; Arthur J. Brust, superintendent of planning 
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f AMOUS trademarks come to Cessna for 
the best in hydraulics. Here they find 


CREATIVE AND ENGINEERING ASSISTANCE 
TO SOLVE PROBLEMS IN HYDRAULICS. 


SPECIALIZED PRODUCTION THAT MAKES REAL 
SAVINGS IN UNIT COSTS, PLUS ASSURANCE 
OF A DEPENDABLE SOURCE OF SUPPLY. 


PRECISION MANUFACTURING, ASSEMBLING, 
AND TESTING THAT ASSURE LONG-LIFE 
PERFORMANCE UNDER ALL OPERATING 
CONDITIONS. 


When you need specially designed hydraulic 
units in quantity, we invite you to “Cali on 
Cessna.” You'll find the best combination of 


experience and production facilities. 


Our “Flying” Sales Engineers are always 
ready to work with you in the development 
of hydraulic units for your equipment. 


j ndustrial Wire or write, today. 
am YDRAULICS division 
CESSNA IRCRAFT COMPANY 
UTCH KANSAS @ U.S.A. 


A 
INSON, 
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SOLUTION TO YOUR PROBLEM: RESULT: 


Th _SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 


BENTON HARBOR, MICHIGAN, U. S. A. 
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and scheduling; and Nathan H. Hurt Jr., superintend- 
ent of staff engineering. These men were all trans- 
ferred from other posts in the Goodyear organization. 

Two newly appointed development engineers are 
William H. Taylor, who will serve as superintendent 
of design and development, and Howard L. Caterson, 
who will be head of inspection. 

” 


Pioneer researcher in electronics, including tele- 
vision, V. K. Zworykin has been awarded the 1952 Ed- 
ison Medal by the American Institute of Electrical 
Engineers “for outstanding contribution to the con- 
cept and design of electronic components and sys- 
tems.” Dr. Zworykin is vice president and technical 
consultant of the RCA Laboratories Div., Radio Corp. 
of America, Princeton, N. J. He has been associated 
with RCA since 1929. The medal will be presented at 
the opening session of the Winter General Meeting of 
AIEE in New York on January 19. 


o 


Edwin Crankshaw has been named chief engineer 
and head of the engineering division of The Cleveland 
Graphite Bronze Co., largest operating unit of the 
newly formed Clevite Corp., Cleveland. He succeeds 
Henry W. Luetkemeyer, who is now one of the key 
men in the new products division of Clevite. Mr. 
Crankshaw came to Cleveland Graphite as product 


design engineer in 1942. 
° 


Formerly chief engineer at Link Aviation Inc., Bing- 
hamton, N. Y., W. W. Wood has been appointed vice 


president in charge of engineering. 


Recent appointments in the Instrument Div. of Allen 
B. Du Mont Laboratories Inc. are those of H. B. Stein- 
hauser as manufacturing engineer, L. E. Florant as 
head of the engineering services section, and A. W. 
Russell as head of the electrical design section. Mr. 
Steinhauser, formerly a senior engineer, has been en- 
gaged in product design for the division since 1950. 
Mr. Florant was previously an intermediate engineer 
for the division, and Mr. Russell was a senior engineer. 

7 


Stackpole Carbon Co., St. Marys, Pa., has appointed 
E. I. Shobert as manager of carbon research and en- 
gineering and Henry M. Dressel as director of re- 
search and engineering for the electronic compon- 
ents division. L. D. Andrews is now director of re- 
search and engineering on magnetic materials, E. F. 
Kiefer has been appointed director of research and 
engineering on carbon products, and F. X. Sorg is 
director of research and engineering on fixed re- 


sistors. 
* 


Three new staff members of Arthur D. Little Inc. 
Cambridge, Mass., are Garth A. Abbott, who has 
joined the engineering physics and special devices 
group, and Jay Joseph Martin Jr. and Donald Guild, 
who are new members of the mechanical division. 
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Pittsburgh brushes in 
use at Westinghouse 


Electric Corp., re- 
moving slag from test 


plates used in welding 
equipment. Westing- 
house reports better 
finish in less time, in 
comparision with 
former hand methods. 


Replace hand finishing with power- 
driven Pittsburgh Brushes for 


Better Cleaning 
Lower Labor Costs 
Fewer Rejects 


—as these companies did: 


Removal of imbedded slag in welding test plates formerly 
was done by hand at the Westinghouse Electric Corp., 
Trafford, Pa., using a wire brush and welder’s hammer. 
Pittsburgh brushes, powered by a direct-drive 1% h.p. 
motor, now remove more slag in less time, and produce 
a better finish. In addition, Westinghouse reports their 
Pittsburgh brushes “‘stand up better than average in use.” 


Complete cleaning of dried concrete, rust and scale from steel 
frames used in concrete forming is essential prior to re- 
using the forms. Pittsburgh wire brushes were installed at 
the Universal Form Clamp Co., Chicago. Working on a 
conveyor-fed machine, the Pittsburgh brushes now remove 
all foreign material at a rate of 50 pieces per hour, replacing 
former laborious hand brushing and scraping. 


De-scaling preheated bar stock at the Dominion Forge & 
Stamping Co., Ltd., Canada, was formerly done by hand 
scraping. This never did a complete job, and inclusions 
resulted which produced defective forgings. Pittsburgh 
brushes, on specially-designed machines, now do the job, 
and have “increased efficiency, decreased the amount of 
scrap, improved work quality, and saved labor.” 


WRITE TODAY FOR FREE BOOKLET! 
Write today for a free copy of our booklet that 
shows, through actual case histories, how Pittsburgh 
cuts brushing costs. Address: PirtsBURGH PLATE 
Grass Company, Brush Div., Dept. W-5, 3221 
Frederick Avenue, Baltimore 29, Maryland. 


PITTSBURGH 
bywere- 


Fewer Univer 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS * FIBER GLASS 


PITTSBURGH PLATE GLASS COMPANY 









































ANNOUNCING! 


NATIONAL 


National, a world leader 








in oil seals, now offers a 


complete line of O-Rings 


You know National's reputation as a lead- 
ing manufacturer of oil seals. Now, you 
can expect the same quality of product, 
the same good service on O-Rings. With 
the new distribution system now being 
set up, National O-Rings will be offered 
through a wide-spread network of appli- 
cations engineers and distributors. 


National pioneered O-Rings two dec- 
ades ago through a subsidiary organization. 
Now, with O-Rings an integral part of our 
line, we will be able to provide better 
engineering service, better sales service, 
consistent quality and uniformity, and the 
convenience of a common source for oil 
seals, O-Rings and shims. 





NATIONAL O-RING CATALOG 


The most broadly useful compilation of O-Ring data. 
Includes engineering, design and compound informa- 
tion, gland-groove and back-up ring requirements, etc. 
Lists all National O-Rings. Please request free copy 
on your Company letterhead, giving your title. 
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Write for Catalog! 


O-RINGS 


National O-Rings are molded to precise 
tolerances from a variety of compounds. 
They are available for dynamic or static 
applications in all standard sizes, covering 
a wide range of pressures and temperatures. 

Why not see what National has to offer. 
Our new catalog contains full information. 


USE OF O-RINGS IS BROAD 
In many applications, O-Rings offer im- 
portant advantages over conventional gas- 
kets or packings: 


@ May permit simpler, lower- 
cost design 


@ Effective in limited space, 
easy to install 


@ Seal both directions of pres- 
sure flow 


@ Withstand wide range of 
temperatures 


@ Permit metal-to-metal joints 


@ Hold running friction to 
minimum 


® May eliminate adjustment 
devices 


@ Efficient sealing under vary- 
ing pressures 


*T. M. Reg. 
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NATIONAL OIL SEALS 
AND SHIMS 


National Oil and Grease Seals are 
available in thousands of sizes and types 
for almost every kind of sealing appli- 
cation involving rotating, oscillating or 
reciprocating shafts. These precision- 
built seals are offered with sealing 
members of specially-processed leather, 
synthetic rubber (Syntech* Seals) or 
silicone rubber. 






National Shims are assemblies of in- 
dividual laminations of uniform thick- 
ness. (.002” and greater) 


350,000 series 50,000-S series 
Syntech seal Syntech seal 





50,000 series 
leather seal 


“Let Your Decision be Based on Precision” 


INUANH ONAL 


OIL & GREASE 
O-RINGS 


NATIONAL MOTOR BEARING CO., INC. 


General Offices: Redwood City, California 
Plants: Redwood City, California; Downey (Los 
Angeles County), California; Van Wert, Ohio 


2560 
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POWER 


FOR 
EVERY 
r—— PURPOSE-— 












CULLMAN 
CHAIN and SPROCKETS 
Stock and Special 


@ ROLLER CHAIN 

e CONVEYOR CHAIN 
e GRIP-MASTER SPROCKETS | 
e FLEXIBLE COUPLING 


Throughout a constantly expand- 
ing field of industrial uses—at high 
or low speeds, under light or heavy J 
loads—Cullman power transmis- 

sion,components function dependably at full-rated 
efficiency. 

Whether your plant is large or small, and your require- 
ments may run into thousands or a single unit, the stress 
of today’s unusual economy demands an economical, 
trouble-free power transmission program. 

For more than a half-century Cullman has cooperated 
with manufacturers everywhere, in the development of 
low operating costs as a.sound solution to their power 
transmission problems. 











WRITE TODAY for full particulars or see your 
local Cullman distributor. 





LD) 2 ; ‘d ’ ° 
ee ROLLER CHAIN and SPROCKETS 


CULLMAN WHEEL COMPANY 
1336 ALTGELD STREET ° CHICAGO 14, ILLINOIS 
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THE ENGINEER'S 


Library 


Recent Books 


Electronic Analog Computers. By Granino A. Korn 
and Theresa M. Korn; 394 pages, 6 x 9 inches, clotn- 
bound; published by McGraw-Hill Book Co. Inc., New 
York; available from MACHINE DESIGN, $7.00 postpaid. 


Electronic computing devices are becoming in- 
creasingly important as a means of surmounting prac- 
cal difficulties, such as necessary time, funds and 
skilled personnel, involved in the solution of engineer- 
ing problems requiring complex numerical calcula- 
tions. In this book, attention is centered on the dc 
analog computer which has been employed with 
notable success in the design of automatic control 
systems. An elementary knowledge of electronics 
and differential equations is required for understand- 
ing. The techniques of computer design and applica- 
tion described are those which have become well 
established during the last five years. Particular 
emphasis is placed on determination of scale factors, 
which experience has shown to be the most preva- 
lent source of error. 

An introductory chapter briefly sketches the over- 
all scope of computer operation and is followed 
by a chapter which details a simple standard proce- 
dure for setting up a de analog computer to solve 
differential equations. Succeeding chapters cover 
computer setups for several representative practical 
problems; design of the various electronic computing 
elements for maximum accuracy; developments in 
analog multiplication and function generation; de- 
sign of auxiliary components; and operating and 
checking procedures. In the concluding chapter, de- 
sign and construction of complete installations for 
industrial applications are discussed. Also included 
is an appendix which lists properties of parallel 
feedback-type operational amplifiers. 


° 


Metallurgy for Engineers. By John Wulff, Howard F. 
Taylor and Amos J. Shaler, department of meiallurgy, 
Massachusetts Institute of Technology; 632 pages, 5% 
by 8% inches, clothbound; published by John Wiley & 
Sons Inc., New York; available from MACHINE DESIGN, 
$6.75 postpaid. 


Although written primarily for the engineering 
student, this textbook has also been designed as a 
reference for the practicing engineer. Extractive met- 
allurgy has been omitted and the mathematical con- 
siderations of metal working have been simplified. 
Emphasis has been placed on those fundamentals 
necessary for an adequate understanding of metals, 
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The Engineer's Library 





their selection and use. The first half of the book dis- 
cusses the concepts and principles underlying metal 
processing; the second half deals with the processes 
themselves. Brief chapter summaries and reference 
lists are provided at the end of each chapter. 


Methods of Applied Mathematics. By F. B. Hildebrand, 
associate professor of mathematics, Massachusetts In- 
stitute of Technology; 536 pages, 5% by 8% inches, 
clothbound; published by Prentice-Hall Inc., New York; 
available from MACHINE DESIGN, $7.75 postpaid. 


Fundamental facts and techniques relevant to four 
fields of advanced mathematics provide the subject 
matter for this textbook. The topics covered are those 
usually not considered under the general classifica- 
tion of advanced calculus. Material has been organized 
to permit self-study; interdependence among the 
various chapters has been minimized as much as 
possible. 

In the first chapter, matrices, determinants and 
linear equations are discussed. The second chapter 
takes up the calculus of variations and applications 
and is followed by a chapter on difference equations. 
Concluding is a chapter which deals with integral 
equations. An appendix containing the Crout method 
for solving sets of linear algebraic equations has also 
been included. 


Fractional H.-P. Electric Motors. By F. G. Spread- 
bury; 352 pages, 5% by 8% inches. clothbound; pub- 
lished by Sir Isaac Pitman é& Sons Ltd., London; avail- 
able from MACHINE DESIGN, $7.50 postpaid. 


In principle, fractional horsepower motors are no 
different from their integral counterparts; however, 
certain differences, such as the number of poles, 
power losses and types employed, set the smaller 
motor apart as a separate entity. This British book 
deals with the principles, performance, control and 
design of small motors. Its aim is to supplement 
the present literature on integral motors which is 
not always applicable to the fractional types. 

Main portion of the text material is devoted to the 
various types of motors. Direct-current, polyphase 
induction, single-phase induction, universal, repulsion, 
synchronous and other miscellaneous motors are dis- 
cussed in turn. Concluding chapters cover perform- 
ance characteristics and motor control. 


Modern Plastics Encyclopedia and Engineer’s Hand- 
book. 848 pages, 8% by 11% inches, clothbound; avail- 
able from Plastics Catalogue Corp., 575 Madison Ave., 
New York 22, N. Y., $2.00. 


Issued annually since 1941, this latest edition 
(1952) describes the commercially available plastics 
materials with emphasis on their suitability for spe- 
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§ 
BEARINGS 


Lu lout NY LON 


Solve Many 
Bearing Problems 


e RESILIENCY RESISTS POUNDOUT e PERMIT DRY 
OPERATION e MINIMIZE ABRASION FAILURES e 
SILENT OPERATION @ LOWER FRICTION @ SUPERIOR 


CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
e DAMP MECHANICAL VIBRATION @ EXTREMELY 
COMPACT @ CLOSE FITS e NON-CONTAMINATING e 
LOW COST e LONGER LIFE @ LESS MAINTENANCE 
e BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 


THOMSON INDUSTRIES, Inc. 


~. 






Dept. ? 
Mankasset, New York 


Also Manufacturers of BALL BUSHINGS... 
The Bail Bearing for Linear Motions 
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Mierotomic 


' keeps pace with 
, the world’s fastest- 
\ moving industry 


The Eberhard Faber Microtomic draw- 
ing pencil was designed to meet the spe- 
cific needs of engineers and draftsmen 
of our swift-advancing aircraft industry. 


In all 18 degrees, you'll find newly de- 
veloped quality that assures absolute 
degree uniformity, plus an opaqueness 
for deep print clarity. 




























Microtomic represents the finest exam- 
ple of research in drawing pencils, de- 
signed to stand the most rigid drafting 
room comparisons. Test them today— 
request sample (specify degree wanted). 


-008 


LLid 


PAGER 


Only Microtomic gives you 
all these features 


Hi- DENSITY LEADS 


Lines are opaque to actinic rays 
of high speed ‘printers’. 


ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for a 
drawing pencil. 


BULL'S-EYE DEGREE MARKING 


Easier to read... quicker to find 
—positive identification. 


ALSO — Choice of Holders and 
Microtomic Drawing Leads in all 
degrees. 


EBERHARD 
FABER 


since 1849 


C Van Dye 


vsa. <a> MICROTOMI 


TRADEMARKS 
Rte.u $ 
PAT. OFF 







| 
| 
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cific end uses. It presents a picture of technical ad- 
vances in the plastics industry during the past 
twelve months. 


Design and Use of Cutting Tools. By Leo J. St. Clair; 
451 pages, 6 by 9 inches, clothbound; published by 
McGraw-Hill Book Co. Inc., New York; available from 
MACHINE DESIGN, $7.00 postpaid. . 


Basic considerations in the selection, design, grind- 
ing and usage of machine cutting tools are discussed. 


Association Publications 


Fifty-Year Index to ASTM Technical Papers and Re- 
ports. 215 pages, 6 by 9 inches, clothbound; available 
from American Society for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa., $6.00 per copy. 


This index provides detailed author and subject 
listings for the technical papers and reports dealing 
with materials, particularly their properties and test- 
ing, appearing in ASTM publications during the per- 
iod of 1898 through 1950. 


Government Publications 


Investment Precision Casting. Report PB 111 001 by 
Roy W. Tindula; 13 pages, 8 by 10% inches, paperbound; 
available from Office of Technical Services, U. 8. Dept. 
of Commerce, Washington 25, D. C.; 25 cents. 


History, uses, process details, precision and lim- 
itations of the investment or “lost-wax” casting 
process are discussed in this report prepared by a 
research metallurgist of the OTS. Included is an 
extensive bibliography which lists references to pe- 
riodicals, government reports and books on the 
process. 


¢ 


NACA Technical Series. Each publication is 8 by 10% 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F St. 
N.W., Washington 25, D. C. 


The following Technical Notes are available: 


2760. Derivation of Stability Criterions for Box Beams with Longi- 
tudinally Stiffened Covers Connected by Posts—21 pages 

2769. Experimental and Theoretical Determination of Thermal Stresses 
in a Flat Plate—35 pages 

2771. Thermal Buckling of Plates—-39 pages 

2778. Stress and Strain at Onset of Crazing of Polymethyl Metha- 
crylate at Various Temperatures—21 pages 

2779. Effects of Moderate Biaxial Stretch-Forming on Tensile and 
Crazing Properties of Acrylic Plastic Glazing—42 pages 

2782. Bending of Thin Plates with Compound Curvature—49 pages 

2788. Effects of Solvents in Improving Boundary Lubrication of Steel 
by Silicones—23 pages 

2791. Correlation of Tensile Strength, Tensile Ductility, and Notch 
Tensile Strength with the Strength of Rotating Disks of Several De- 
signs in the Range of Low and Intermediate Ductility—30 pages 

2798. An E tal Investigation of the Behavior of 24S-T4 Alu- 
minum Alloy Subjected to Repeated Stresses of Constant and Varying 
Amplitudes—23 pages 
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So tough you can 


drive a nail with it! 








USCOLITE...U. S. Rubber’s famous plastic 


This plastic pipe is unbeatable in im- 
pact strength. For example, a .44 cal. 
revolver bullet, fired at a distance of 
20 yards, scarcely dented a section 
of Uscolite piping. This remarkably 
strong and versatile plastic is resist- 
ant to most industrial chemicals. It 
is lightweight, easy to handle. 





Furnished in standard lengths, 
Uscolite pipe can be cut and threaded 
with standard equipment. A com- 
plete line of Uscolite fittings is also 
available, enabling contractors to do 
a complete on-the-job assembly and 
installation. For further information, 
write to address below. 





PRODUCT OF 











COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


UNITED STATES RUBBER 
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Specify and Use 
Meyercord Decals to... 








CAUTION 


NOT STAND HERE AT ANY 
ME WHILE CLUTCH IS ENGAGED 
ND BALER IS OPERATING. 












BEFORE LOADING 
1. Set Hot Water Tank 140 


im advance 
2. Set Washer Temperature 
3. Turn on Washer for ONE 
4. Spin Out Cold Water 









Cond 


AUTOMOTIVE 
CTRIC FUEL PUMP 


MODEL NO. 476089 





identify 





H 6 VOLTS POS. GROUND 
Investigate 
e 2458770, 3472067, 2533164, 
the Low Cost, High OTHER PATENTS PENDING 


ECLIPSE MACHINE DIVISION 


Speed Application 
of these Durable 
All-Color, All-Surface Meyercord Decals... 


Among the many new applications of decals for Ameri- 
can industry is the tough Meyercord acid, chemical and 
weather resistant identification of dangerous chemical 
containers. Whether to comply with state requirements 
or to strengthen your voluntary safety program...if you 
process and ship dangerous chemicals, be sure to ask for 
full information on this important feature. 

You know, of course, that Meyercord Decals have been 
adopted by cost-conscious manufacturers in thousands of 
industries . . . as nameplates, trademarks, instructions, 
markers, wiring diagrams, safety warnings and many 
other important applications. 

But “just any decal” won’t do the job on “just any 
surface”. For today’s rigid requirements Meyercord De- 
cals are carefully laboratory-engineered to assure com- 
plete and perfect adhesion to any commercial surface or 
finish. Meyercord experience pays off every time. Write 
us for information on our complete technical consulta- 
tion and designing services. 


Send for This Manual of MEYERCORD 
- DECAL NAMEPLATES 


Shows hundreds of uses for durable, 
washable decal nameplates . . . as 
trademarks, instructions, charts or 
diagrams—in any size, colors, or de- 
sign. Tells how Meyercord Decals 
} can help you cut costs and speed 
——— a “en This manual is FREE 
mgt) me pe it on your business let- 
—s terhe please. 


BENDIX AVIATION CORPORATION 
ELMIRA. N.Y .U S.A 








THE MEYERCORD CO. 





DEPT. A-311, 5323 WEST LAKE STREET * CHICAGO 44, ILLINOIS 
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NOTEWORTH Y 


N OISELESS PRESSURE CONTROL for high-pres- 
sure hydraulic systems is accomplished with the valve 
covered in patent 2,600,875. Excessive system pres- 
sure actuates a cylindrical spring-loaded plunger 
which opens into a low pressure chamber to provide 
relief. Design of the plunger provides a slow opening 
and closing action, obviating the chattering, vibration 
or squealing usually associated with this type of 
valve. Unique features include a built-in integral 
dashpot, double-sealing of the plunger, full cushioning 
during opening and closing, and a safety arrangement 
which permits pressure relief even though the spring 
may fail. The patent has been assigned to Hydraulic 
Equipment Co. by Edward Hrdlicka. 


Muttete BALL KEYS eliminate sliding friction 
in a telescopic shaft coupling and thereby afford sub- 
stantially longer life with less backlash than is expe- 
rienced with sliding key joints. Additionally, rolling 
action of the driving balls assures smooth telescopic 
action of the joint under full torque. Uniformly 





—— 









































spaced by a tubular cage, the two rows of driving 
balls are limited in their axial movement through a 
master ball carried in a circumferential slot of the 
cage. This ball also engages diagonal grooves in the 
shaft and sleeve members of the joint and prevents 
telescopic action beyond predetermined limits. Patent 
2,605,622 assigned to Borg-Warner Corp. by Edmund 
B. Anderson. 


"Torstonar OSCILLATION DAMPING is effect- 
ed in a built-up power transmission sprocket by a 
series of rubber-metal sandwich members which serve 
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more translucent 
than befor e Today’s Kodagraph Reproduction 


Cloths have a new, highly translucent base—an important 
new plus in drawing reproduction! For now you can turn 
out blueprints and direct-process prints at faster speeds 
... Save time and money. And famous Kodak research and 
production know-how brings you this increased translu- 
cency without compromise—your Kodagraph Cloth inter- 
mediates will be as durable and long-lasting as ever. 





1. Kodagraph 
Autopositive Cloth— 
for use in blueprint 
and direct-process 
machines . . . and 
vacuum frames. 
Positive photographic 
intermediates are pro- 
duced directly from the 
original drawings— 
without a negative step 
or darkroom handling. 





Write today for a free 
copy of “Modern Drawing 
and Document Reproduc- 





MAIL COUPON FOR FREE BOOKLET 


EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 
Gentlemen: Please send me a copy of your illustrated booklet 





easier to correct 


than before The dense photographic black 
images on Kodagraph Reproduction Cloth prints can be 
removed readily with a moistened pencil eraser—no spe- 
cial solutions needed. Also, you'll find that additions can 
be made readily in pencil or ink on the erased surface. It 
retains its tooth . . . does not become smooth and shiny. 
Result of a new matte subcoating ... another welcome 
feature in improved Kodagraph Reproduction Cloths. 


MMAURXOWH®D 
Kodagraph Reproduction Cloths 


3. Kodagraph 
Projection Cloth— 

for use in standard enlarg- 
ing equipment. Conven- 
tional negative-positive 
printing characteristics 
... darkroom handling. 
Especially valuable in 
obtaining reference-size 
prints from reduced-scale 
negatives of template 

or pattern drawings. 


2. Kodagraph 
Contact Cloth— 

for use in low-intensity 
contact printers. 
Conventional negative- 
positive printing charac- 
teristics . . . darkroom 
handling. Especially 
recommended when 
your negatives require 
considerable opaquing 
or other hand work. 









cts on Kodagraph Reproduction Materials. 





Position 























tion.” Detailed facts on giving fa 
} improved Kodagraph 7 
| Reproduction Cloths... eee 
and the complete line of Compeny. 
Kodagraph Reproduction ; 
Materials which you, or your Street 
local blueprinter, can process 
conveniently, economically. City 


State 
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TRADE-MARK 





























See the Gerotor name-plate on a 
hydraulic pump and you know 
what's inside . . . the renowned 
Gerotor mechanism. Both elements 
revolve in the same direction at 
low relative speed . . . minimizing 
friction, wear and slippage .. . 
assuring longer life, smoother flow, 
higher efficiency at lower operat- 
ing cost. Eleven pump sizes, some 
engineered for pressures up to 
1200 p.s.i. continuous, 1500 p.s.i. 
intermittent. Specify Gerotor! 















Gerotor May Corp., Box 86, 
Baltimore 3, Md. 


c€ROTOR 


HYDRAULIC PUMPS 
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Noteworthy Patents 





as keys between the separate rim and hub of the 
sprocket. Tendency of the keys to shear under puls- 
ing or shock loads isolates rather than amplifies such 
undesirable forces as is often the case with similarly 
used coil spring shock absorbers. Concentricity of 
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the rim and hub is maintained through steel antifric- 
tion rollers which engage circular surfaces inside the 
rim and outside the hub between each shock absorber. 
Circular side plates retain the rollers and keys, and 
maintain axial position of the rim. Patent 2,596,501 
assigned to the New Britain Machine Co. by Donald 
H. Montgomery. 


Crease SHIELD PUSHOUT in extreme angles of 
displacement is prevented in a self-aligning ball bear- 
ing rod end by bumper rings snapped into grooves in- 
side the shield elements. Ball contact with the inside 
corner of the rings limits the angularity of the races, 
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so that ball thrust against the seal washers and their 
retaining rings is avoided in all positions: This con- 
struction also enables removing the grease shields for 
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*Reg. U.S. Pat, Off. 


| here’s what they 
do for you they pr otect your product from 
thread wear and stripping for life in every kind 


th ey Save money because they _ of metal, in plastics or wood. They preserve your 
strengthen threads and make fewer fastenings do | customer good-will by preventing complaints 
the same holding job...they make lighter bosses | about thread failure. 

and flanges practical...and they seve weight in 

two cain a) by permitting oh of cap in they meet fast production line 
instead of bolts and nuts or studs and nuts; (2) by = requirements...Simply drill and tap as usual, then 
putting smaller, shorter, fewer cap screws to work — wind in Heli-Coil Inserts for permanent, armored 
than required for unprotected threads. threads. 


no other method is so simple, effective and 
practical— especially in aluminum and magnesium 


' . 
So ony to use! Average ; os These and many other advantagescanmean aboutHeli-Coil Inserts for your own benefit. 
to install 3 seconds! much to you. Why not convince yourself Returnthecouponnow and get all the facts. 


Drill... Hole is drilled in conventional 9 OS OOOO 22282 2ee2 ee eneeaeeneaeonaean 


way—right on production line. Ta 
d > (Ct HELI-COIL CORPORATION 


..-Hole is tapped with Heli-Coil tap to 
121 SHELTER ROCK LANE, DANBURY, CONN. 





receive insert—right on production line. 
install...Insert is installed in tapped 
hole with hand or machine inserting tool 
— right on production line. 


What Heli-Coil Inserts Are 
Heli-Coil Inserts are precision formed 
thread liners of stainless steel or phos- 


I 
I 
! (J Please send Heli-Coil Catalog and Sample Heli-Coil Insert. 
i 
I 
phor bronze wire, diamond-shaped in NAME TITLE 
I 
I 
i 
I 
I 





() Attached is drawing of our product. Where do you recommend 
using Heli-Coil Inserts? 





cross-section. They are available for 
National Coarse, National Fine and Uni- 
fied threads, pipe threads and aviation 
and automotive spark plug threads. They 
are made in all standard sizes and lengths 
for assemblies requiring Class 3, 3B, 2 
or 2B fits. 


APPROVED FOR ALL MILITARY 
AND INDUSTRIAL USES 


COMPANY 





ADDRESS. 









city ZONE STATE @1964 


_ 
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SUPERDRAULIC 


ENGINEERS & MANUFACTURERS | 
OF HYDRAULIC EQUIPMENT | 


Superdraulic Corporation is a nationally recog- 
nized complete facility capable of performing all 
details from design to complete fabrication of 
hydraulic machines and equipment. Many impor- 
tant manufacturers have found it practical to 
consult with our engineers on projects at incep- 
tion and benefit by the extensive experience of 
this organization. Important short cuts and sim- 
plified processes may be revealed to you by such 
coordinated effort. 









































PUMPS AND MOTORS. High pres- 
sure, constant and variable dis- 
placement for continuous service up 
to 60 H.P. 


CONTROLS. To meet all operating 
requirements: adjustable, fixed pres- 
sure, pressure reduction, propor- 
tional pressure, sequence operation. 
Also check valves and specials. 





VALVES. 4-way sliding spool type 
in a complete series including 
solenoid control pilot operated, 
pilot operated and manual. 






REMOTE CONTROL. For positive, sim- 
plified positioning, controlling and 
duplicating movement at a distance. 
Installs in any position. 






Include: 
valves, reservoirs, motors, flexible 


TEST STANDS. pumps, 
couplings, piping and cabinets. 
Units developed up to 30,000 PSI 


POWER UNITS. Complete in- 
cluding pumps, relief valves, 
reservoirs, electric motors, pip- 
ing, and valving to meet re- 
quirements. 


PUMPS © VALVES * TRANSMISSIONS ¢ TEST STANDS © REMOTE CONTROLS 


Write for our catalog 


Superdraulic 


CORPORATION 
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Noteworthy Patents 





bearing inspection or relubrication without danger of 
the balls spilling out. Patent 2,584,227 assigned to 
the Fafnir Bearing Co. by Howell L. Potter. 


Srress-FREEIN G OSCILLATION of resilient ro- 
tary pump vanes following the discharge cycle pre- 
vents permanent set in the vane material. The pump, 
covered in patent 2,599,600 assigned to the Cascade 
Pump Co. by Albert W. Arnold, utilizes a flexible 






































molded rotor offset to provide pumping action. De- 
flection of the vanes produces the initial suction as 
well as the pressure necessary for discharge. After 
discharge the vanes pass into an enlarged region 
which permits them to spring out and dissipate the 
energy absorbed through deformation. 


One-way CLUTCHING for small mechanisms is 
achieved with a single leaf spring in patent 2,601,911. 
Invented by Zoltan Takats and assigned to the Gen- 
eral Aniline & Film Corp., the clutch has been de- 
signed to meet the needs of motion picture film-feed- 
ing devices. An S-shaped flat spring is used as the 
power transmission element; engagement of the spring 
ends with the inner surface of a cylindrical member 
provides a positive one-way drive and at the same time 
permits overrunning. 


F RICTION-RETAINED NOSEPIECE is utilized as 
the face sealing element in a diaphragm-type face seal 
described in patent 2,601,996. Designed for use be- 
tween two rotating members, the seal can accommo- 
date repeated end-play or angular movements. The 
nosepiece, retained in a tapered recess at one end of 
the diaphragm, facilitates assembly and replacement. 
Several construction modifications of the seal for dif- 
ferent types of installations are shown in the patent 
which has been assigned to Chicago Rawhide Mfg. Co. 
by John H., Sefren. 
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| Gear Checkers 











The Kodak Conju-Gage Gear Checker 
automatically records the composite ef- 
fects of runout, base pitch error, tooth 
thickness variations, profile error, lead 
error, and lateral runout. Illustrated is 
the Kodak Conju-Gage Gear Checker, 
i Model 4U, for gears up to 4%” pitch 
diameter. Larger and smaller models are 
also available. 





ate Tn tani TT IR 


CONJU-GAGE 





two highly versatile contour projectors. 
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you can check precision gears 


| more couclusively 


with Kodak Conju-Gage 


INSTRUMENTATION 


.». anew way to check gear precision in action 





To inspect all kinds of complex parts on a bright screen, Kodak also makes 








Why the composite check 


Errors in gears seldom occur individually—they’re usually combinations of 
as many as six types of errors. The practical way to test gears for these errors 
is to test them in action through the composite check recommended in the 
new American Standard (AGMA 236.02; ASA B6.11-1951). 

This check measures gear errors as variations in center distance when the 
gear is rotated in contact with a master of known accuracy. Since this varia- 
tion is the sum of errors in both gear and master, the degree of precision 
measurable depends on the precision of the master. 


Why the Conju-Gage Gear Checker 


Kodak Conju-Gage Gear Checkers use a master of exceptional accuracy, the 
Kodak Conju-Gage Worm Section. These Worm Sections are generated by 
the continuous action of a thread grinder under control of a precision lead 
screw—circular pitch error and tooth thickness variations cannot be intro- 
duced by defects in an intermittent indexing mechanism. This means a more 
accurate gaging element, less chance that error in the master may coincide 
with a tolerable error in the gear to result in a needless rejection. Less chance, 
too, that an error in the master may subtract from an intolerable error in the 
gear, passing a gear that will fail in use. 

By passing each right gear, rejecting each wrong gear, the Kodak Conju- 
Gage Gear Checker helps you reduce costs while maintaining highest pre- 
cision. For the full story of this and other economies achieved by Conju-Gage 
instrumentation, send for the booklet, “Kodak Conju-Gage Gear Testing 
Principle.”” Eastman Kodak Company, Industrial Optical Sales Division, 
Rochester 4, N. Y. 
















Instrument Records Speed 
Of Landing Airplane 


Eliminating the need for record- 
ing on film, which is more expen- 
sive and necessitates a delay in ob- 
taining results, an electrical-opti- 
cal “brain” gives instant data on 
how fast an airplane lands on the 
deck of a carrier. This Touch- 
down Rate of Descent Indicator, 
nicknamed TRODI, is being pro- 
duced by North American Avia- 
tion Inc. 

In operation, TRODI sends out 
two parallel beams of light which 
are thin vertically, wide horizon- 
tally, and one foot apart. A mir- 
ror system on the incoming air- 
plane cuts the top beam, reflecting 
the light back to a photoelectric 
cell, which starts an _ electrical 
charge into a condenser. The de- 
scending airplane then cuts the 
second, lower beam, reflects it, and 
stops the charge going into the 
condenser. The electrical charge 
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stored during the interval between 
breaking the two beams is quickly 
translated from voltage to rate of 
descent in feet per second. Meas- 
urements are accurate to 0.4-foot 
per second. 

All new Navy airplanes must be 
tested for rate of descent before 
they are placed in regular opera- 
tion. Formerly it might be sev- 
eral days before a pilot would 
know if he had come in at the 
correct rate of descent; this new 
instrument has the data ready for 
the pilot immediately. 

Besides measuring the rate of 
descent that aircraft structures 
can withstand, the instrument 
helps evaluate landing character- 
istics of airplanes controlled by 
either automatic or manual sys- 
tems, helps instructors’ teach 
student pilots to land, and aids 
in determining landing conditions 
suitable for various aircraft. 


Milford Proposes Method 
For Analyzing Fasteners 


What must be considered in a 
new design involving the use of 
rivets or tubular fasteners? Mil- 
ford Rivet & Machine Co. has pro- 
posed an organized procedure for 
analyzing this problem for cold- 
headed fasteners. 

Such fasteners may be one of 
three different types: (1) standard 
tubular rivets, which are simplest 
to make and lowest in cost, (2) 
modified standards, which require 
variation from standard dimensions 
and sometimes include secondary 
operations, and (3) cold-headed 
specialities which require special 
designs and tools to produce. 

An attempt should first be made 





to see if a standard rivet will serve 
the purpose. If not, then one of 
the other two types must be used. 
At the same time, ease and econ- 
omy in setting the fastener in place 
must be considered. Proper ap- 
plication of automatic rivet-setting 
machines for standard and special 
tubular split rivets is a prerequisite 
for economical assembly. Special- 
ized fasteners, if properly designed, 
can often be applied with auto- 
matic machines. 

Cold-headed_ specialties, while 
more expensive, offer certain ad- 
vantages, among which are 
strength and toughness, favorable 
grain positioning, and different 
surface finish if desired. 


New Exposition To Feature 


Basic Materials in Industry 


The “Exposition of Basic Mate- 
rials for Industry,” a new show and 
conference which will cover a whole 
range of new materials, their prop- 
erties and potentialities, is sched- 
uled for June 15 to 19 at Grand 
Central Palace, New York. Top 
executives of 20 major companies 
are included in the sponsoring 
board. 

Simultaneous with the exposi- 
tion, a series of technical confer- 
ences will be conducted to discuss 
new materials and their potentiali- 
ties. The event is intended to cre- 
ate a clearing house of information 
and ideas for engineers and execu- 
tives by offering an integrated pic- 
ture of the vast and complicated 
structure of materials fundamental 
to product development. 

Provisions for an attendance of 
at least 15,000 are being made. Al- 
most 2000 experts will be on hand 
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to lead conference discussions and 
answer questions. 

“New materials are being devel- 
oped almost daily,” said Don G. 
Michell, president of Sylvania Elec- 
tric Products Inc. and chairman of 
the board of sponsors,” . . . it is not 
only consumer products which are 
undergoing change. Jet propulsion, 
atomic power and huge increases 
in the speed of mechanical produc- 
tion are presenting problems in in- 
dustrial materials almost un- 
dreamed of in the thirties.” 

Admission will be open for man- 
agement executives, project and de- 
sign and production engineers. 
Clapp & Poliak Inc. will manage 
the exposition. 


Develop New 
High-Strength Alloy 


Composed of copper, nickel, sili- 
con and a small amount of iron, 
Strenicor, a new alloy developed 
by General Electric in co-operation 
with Revere Copper and Brass Inc., 
is not susceptible to stress corro- 
sion or season cracking when 
clamped to any tension within the 


Two new helicopters, both in the 
heavy lift class, show increased use 
of newer design principles. The 
first, Piasecki’s new 44-place XH-16 
helicopter, uses compression- 
formed spar tubes which form the 
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ultimate strength of the material. 
When made by sand casting, the 
alloy has a tensile strength of 90,- 
000 psi and a yield strength of 70,- 
000 pounds; made by hot forging, 
it has a tensile strength of 107,000 
psi and a yield strength of 83,- 
000 pounds. 


Supplies Aircraft Carrier 
Propulsion Equipment 


Consisting of four cross-com- 
pound turbines and four double- 
reduction gears, propulsion equip- 
ment supplied by the General Elec- 
tric Co. for the new U. S. Navy 
aircraft carrier CVA-60 will be the 
most powerful ever to be used on 
a warship. 

Economy of operation resulting 
from higher temperatures and 
pressures in the steam turbines 
will enable the carrier to travel 
approximately 20 per cent farther 
with the same amount of fuel than 
it could with the type of equipment 
used in World War II ships. Now 
under construction, the new car- 
rier is scheduled for completion in 
1955. 


Giant Helicopters Show Ingenious Design 


backbone of the honeycomb-struc- 
ture rotor blades. The XH-17, an 
experimental heavy lift cargo car- 
rier which has just made its first 
flight, is powered by two modified 
turbojets. 








One of the largest steel casting as- 
semblies ever produced for this type 
of ship construction, a 48-ton cast 
structural unit serves as the frame- 
work which supports the wheel shaft, 
spony and rudder of a new 647- 
oot ore carrier built for service on 
the Great Lakes. The casting meas- 
ures 28 feet in height and 25 feet in 
length. Because of its size, the unit 
was cast in five sections which were 
then welded together. The sections 
were cast by Penn Steel Castings Co. 


+ 


Spar tubes in the XH-16 rotor 
blades are extruded tubes compres- 
sion formed and cold forged by the 
Rockrite process by Tube Reduc- 
ing Corp. These spar tubes carry 
the full load placed on the rotor 
blades, consisting of the entire 
helicopter weight. 

Rotor blade assembly consists of 
a honeycomb structure mounted on 


Piasecki HUP helicopter, left, uses compression-formed Rockrite spar tubes as a “backbone” for the 
honeycomb-structure rotor blades. A similar type of construction is also used on the YH-21, right, a 
16-seat “work horse” used as a rescue helicopter by the Air Force 
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the spar tube with a milled alumi- 
num skin over the entire assembly. 
The Piasecki HUP and YH-21, a 
16-seat rescue helicopter, uses a 
similar type of blade structure. 
The XH-17 is expected to be the 
forerunner of powerful cargo-car- 
rying helicopters, designed to lift 
and deliver heavy bridge sections, 
artillery and trucks. Rotor blades 
on the XH-17 extend more than 
125 feet from tip to tip, and height 
of the machine is more than 30 feet. 


Huge Special Machines 
Built in New Piant 


Building of huge special machine 
tools weighing as much as 250 tons 
is one of the activities contem- 
plated for the new Kearney & 
Trecker Corp. plant (MACHINE DE- 
SIGN, December, Page 260). 

The machine tools will be built 
mainly for machining die blocks, 
dies and parts forged on new heavy 
forging presses now being installed 
for making aircraft parts. Presses 
up to 50,000 tons are currently be- 
ing built and installed as the re- 
sult of government orders, involv- 
ing the use of die blocks weighing 
upwards of 10 tons. Gigantic air- 


craft components forged on these 
presses would be 15 to 20 feet long 
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Production design department in the new building of Sundberg-Ferar has 
individual “studies” or compartments for staff designers. According to Carl 
W. Sundberg and Montgomery Ferar, staff designers working in their new 
Royal Oak, Mich., headquarters “are provided with a psychological lift by 
working in a creative atmosphere which includes privacy, good lighting, 


sound-proofing and air conditioning. Facilities for model making provi 


e 


a completely integrated ag whereby designers can supervise the de- 
velopment of product ideas into three-dimensional models.” 


¢ 


and about one-half as wide. 
Although the defense program 
will have first call on the produc- 
tion of the new plant, a great share 
will be available for nondefense 
production, according to Francis J. 
Trecker, president. Equipment 
probably will be fairly complicated, 
involving the use of electronic con- 
trols, photoelectric devices and 
three - dimensional tracer mech- 











° 


anisms on these machines. 

Cost of the new plant will be 
approximately $5.2 million. More 
than $2.5 million worth of machine 
tools will be installed, including 
some 60 large units. Total space 
of 193,000 square feet will be avail- 
able, of which 173,000 square feet 
will be manufacturing space, About 
50 design engineers will be needed 
for the new plant. 


Left—Projected design for large bed-type milling 
machine for milling integrally-ribbed aircraft skins. 
One of the proposed machines to be built at a new 
Kearney & Trecker plant, the machine would be 50 
feet long, 18 feet high and 27 feet wide. Approxi- 
mate weight would be 120 tons and table width, 


9 feet 


Below—Vertical style skin mill, another projected 
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Farval saves time 
in lubrication of 
Electroweld Tube Mills 


ORMING steel tubing at high non-stop speed 

was a prime consideration to the builder of 
this electroweld tube mill. Slow, old-fashioned oes 2 
hand oiling just couldn’t lubricate 44 main bear- FARVAL — Studies in 
ings properly and still keep step with accelerated Centralized Lubrication 


roduction schedules. 
— . a No. 127 


No wonder this manufacturer installs Farval 
Centralized Lubrication Systems on his fast-moving 
continuous mills! Farval lubricates while the mills 
are in full operation, entirely eliminating downtime 
for oiling and protecting the costly bearings which 
help keep exactly to specification the 15,000 feet 
ot tubing put out each 8 hours. 





Today Farval systems safeguard millions of bear- 
ings in steel and metal working plants—on sheet 
and plate mills, tube and pipe mills, blooming 
mills—in fact, every type of equipment that must 
be lubricated regularly and adequately, to keep 
bearings on the job no matter how hard to get at. 


Farval— proved in 25 years’ service—is the orig- 
inal Dualine system of centralized lubrication that 
delivers oil or grease under pressure to a group of 
bearings from one central station, in exact quanti- 
ties, as often as desired. The Farval valve has only 
two moving parts—is simple, sure and foolproof, 
without springs, ball-checks or pinhole ports to 





KEYS TO ADEQUATE LUBRICATION — Wherever you 
see the sign of Farval—the familiar valve manifolds, 


cause trouble. Indicators at every bearing show dual lubricant lines and central pumping stations— 
that each valve has functioned. you know that a machine will be properly lubricated. 
Farval manually operated and automatic systents 


For a full description of time-saving Farval, write protect millions of industrial bearings. 
Photo by courtesy of American Electric Fusion 


now for Bulletin 25.The Farval Corporation, 3265 Corporation, builder of this tube mill. 
East 80th Street, Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Indus- 
trial Worm Gearing. In Canada: Peacock Brothers Limited. 


VAAZAL 
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You benefit 
' Aways 
Ew Users of 
_ Curtis Universal 
' Joints realize a 


fourfold benefit: 
URTIS wniversat Joints 


the only 
Universal Joint 
with the 
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Telltale” ~ Lock Ring | 


14 sizes — %” to 4” O.D. 

in stock at all times for im- 
mediate shipment; bored or un- 
bored hubs. 


@ Curtis quality standards 
surpass the U.S.A.F. spec- 
ifications and are used by every 
branch of the Armed Services. 


@ Simple construction; fewer 

parts make assembly and 
disassembly easy, mean longer 
life. 


® Each part of specially se- 
lected steel, individually 
heat treated for a specific pur- F 
— efficient service for a # 
longer period of time. 
Special Applications 
Facilities and engineering skill 
for 6” diameter joints or other 
special specification jobs are 
immediately available. 
Not sold through distributors: 
write direct for free engineering 
data and price list. 


'“CURTIS 
| UNIVERSAL JOINT CO., INC. 


5S BIRNIE AVENUE 
SPRINGFIELD, MASS. 
As near to you as your telephone 


A MANUFACTURER OF Py 
UNIVERSAL JOINTS SINCE 1919 7) 
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Builds Supersonic 
Delta-Wing Interceptor 


First supersonic delta-wing in- 
terceptor to be built for the U. S. 
Air Force, the Convair F-102 is de- 
signed for “very high speeds in the 
stratosphere and incorporates sig- 
nificant improvements in electron- 
ics and armament,” according to 
company president J. T. McNarney. 
Details of the airplane’s perform- 
ance are classified for security rea- 
sons, but it is reported to be one 
of the most advanced interceptors 
being produced. 

A single-seater which will not 
carry a radar observer, the F-102 
will be piloted automatically ex- 
cept on take-off and landing. It 
has been called the nearest thing 
to a guided missile. 

Convair built the world’s first 
delta wing airplane, the Air Force 
XF-92A research interceptor, which 
was first flown in 1948. This air- 























Air Force XF-92A research inter- 
ceptor from which the new F-102 
supersonic interceptor incorporating 
delta-wing design was developed 


craft will be taken over by the Na- 
tional Advisory Committee for 
Aeronautics for research studies to 
substantiate ultrahigh-speed air- 
flow theories. 


Small Gas Turbines Start Jets 


Small, self-contained airborne gas 
turbines for starting jet engines 
eliminate the need for ground pow- 
er units and are invaluable when 
ground power is not readily avail- 
able, such as in advance combat 
fields. One of two types of starters 
which have been developed by the 
General Electric Aircraft Gas Tur- 
bine Div. to meet varied engine re- 
quirements is powered by hot gases 
resulting from the burning of a 
solid propellant in a repleaceable 
cartridge. 

The fast-burning charge, which 
resembles an artillery shell, is in- 
serted in the breech and ignited 


electrically. Temperatures of the 
gases resulting from rapid burn- 
ing of the main charge range from 
1800 to 2000 F; pressures range 
from 500 to 1500 psi. Burning time 
of the cartridge can be adapted to 
match engine requirements. When 
cartridge combustion is complete, 
the starter automatically de- 
clutches. Torque output is essen- 
tially constant throughout the op- 
erating cycle. The breech assembly 
can be designed to hold supple- 
mentary cartridges if desired, and 
each chamber can then be fired 
successively without reloading be- 
tween shots. 
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New Equipment Offered 
For Shell Molding 


Equipment and procedures are 
being made available so that 
foundries may take advantage of 
the new shell molding process 
without heavy expenditures for ex- 
perimental and development work 
or equipment. 

Shell molding, a recently devel- 
oped casting method employing a 
mixture of sand and thermosetting 
resins baked on a precision pattern 
to form a permanent smooth-fin- 





Dies in position for molding 


ish mold, claims the advantages of: 
precision, since limits of +0.0025- 
inch per inch can be maintained; 
normal finish of approximately 125 
microinches; ease of mold handling 





Hopper lowered over die 


since cured shell molds are perma- 
nent and can be stored indefinitely 
without loss of accuracy. 
Precision dies and toolmaking 
facilities are essential to the new 
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Hood in place to cure shell 


process. Powdered Metal Products 
Corp. of America, where early ex- 
perimental shell molding was done, 
has developed a new automatic ma- 
chine which can turn out approxi- 
mately 20 complete shells per hour 
from a single set of dies. The ma- 
chine performs all steps of the 
operation, delivering finished 
shells ready for pouring or storage. 
It will accommodate dies as large 
as 12 by 18 inches. 





Completed shell removed from die 


After dies have been inserted, 
the sequence of operations per- 
formed by the machine is as fol- 
lows: 

1. Die is heated by means of elec- 
trical heating elements inserted 
in the die shoe. 

2. The mixture of sand and resin 
is dumped onto the heated die 
from the machine hopper. 

3. Contact surface of the shell is 
cured by holding the 'mix in con- 
tact with the heated die for a 
timed interval. 

4. Excess sand mixture is dumped 
back into the machine hopper. 

5. The shell is oven cured to make 
it permanent. 

6. Completed shell is ejected. 

Because the molds are light and 
can be stored or transported easi- 
ly, mold-making and pouring oper- 
ations can be housed separately. 
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@ For (/) high quality material, 
(/) precise machining, (/) fast as- 
sembly, and (/) good appearance, 
specify CHANDLER cold forged 
metal fasteners. They are manufac- 
tured from tested high quality alloy 
steel by the most modern machinery 
and methods. Every fastener must 
pass rigid inspection to make sure 
it meets your specifications. This 
uniform high quality makes assem- 
bly faster, and smoothly finished 
heads assure good appearance of the 
completed assemblies. 

Specialists in Alloy Bolts ... Grind- 
ing to close tolerances . . . Drilled 
heads or shanks. Diameters 1/4” 
5/16” 3/8” to 3” in length and di- 
ameters 7/16” 1/2” 9/16” to 5” 
in length. 961-CH 


Manufacturers of Place Self Locking Bolts 






THE 
C arp 
‘ rr 


iis iis 





1494 Chardon Road @¢ Cleveland 17, Ohio 
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WINSMin: 
PaPEEDE 


Even though it weighs a tcn, when the oil circuit breaker on 
Westinghouse “Unitized” Heavy Duty Switchgear is re- 
moved periodically for inspection, it’s only a one-man job. 
A power-elevating mechanism lowers the breaker onto a hand 
truck and lifts it back to operating position in about 3 
minutes. 

Heart of the elevating device is a motor-driven Winsmith 

Helical Gear Speed Reducer, with an input of % hp at 1725 
rpm and a reduction ratio of 9.5 to 1, which operates 4 
shaft-connected screw-lifts via a drive chain. Like all com- 
ponents of 100% standardized Westinghouse Switchgear, the 
Winsmith reducer is itself a product of complete standard- 
ization. 
Whether your power transmission requirements are inter- 
mittent like this switchgear, or continuous ... heavy duty or 
light ... Winsmith is the only name in speed reducers you 
need remember. Standardized worm, helical and patented 
differential gear units are available to serve your specific 
needs throughout the 1/100 to 85 hp range, in ratios from 
1.1:1 to 50,000:1. Request Catalog 148 for details. 





WINSMITH, INC. 
16 Elton St. 
SPRINGVILLE (Erie County), N. Y. 
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Market High-Speed 
Roller Gear Drive 


Now being produced for com- 
| panies which previously used Gen- 
eva drives and other forms of in- 
termittent motion equipment, the 
Ferguson Machine & Tool Co. roll- 
er gear drive was designed orig- 
inally for the Universal Match 
Corp., parent organization of Fer- 
guson. Test results show that this 
“drive will operate 8000 hours, or 
the equivalent of four shift-years, 
without maintenance when extreme 








precision is required. If extreme 
precision is not required, the drive 
will operate as many as 20,000 
hours, or ten shift-years, without 
maintenance. The unit can be re- 
newed after such use by replacing 
the standard ball bearings. 
Applications of the drive include 
indexing dials, indexing carriers, 











indexing conveyors and indexing 
mechanisms. It has been used on 
dials and roll feeds, carrier chains 





and conveyors at speeds as high 
as 800 pieces per minute to ex- 
tremely close tolerances and with- 
out auxiliary locating mechanisms. 
It can be used for punch press dials 
with a precision of +0.001-inch 
for 12-inch diameter dials. 

Number of stops for the drive 
is variable from two to infinity. 
The indexing period can vary from 
25 to 100 per cent of the total cycle 
time, and rotation can be either 
right or left-hand. 


° 


A new manufacturing plant to 
serve East Coast customers has 
been opened by Parker Rust Proof 
Co. at Mountain View, N. J. The 
company’s eastern office, formerly 
located in New York City, is also 
now at Mountain View. 

(Continued on Page 237) 
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Treadmill Simulates 
Airplane Runway 


Rather than reinforce landing 
gears to withstand vibration, Lock- 
heed Aircraft Corp. designers plan 
to eliminate it entirely. To aid in 
this project, a 230-ton treadmill 
“wobble stopper” has been built 
which will simulate takeoff and 
landing of planes as large as the 
Super Constellation and as fast 
as future jet transports. 

Airplane nose landing gear units 
are mounted on a 21-foot tower, 
subjected to as much as 30 tons 
of weight and then run on a cylin- 
drical drum rotating at speeds sim- 

















ulating takeoff, landing, or taxi 
operations. Periphery of the rotat- 
ing drum can be provided with 
built-in bumps for reproducing taxi 
characteristics on rough airstrips. 
The treadmill technique will 
make possible testing at higher 
speeds than is possible by towing 
weighted landing gears across run- 
ways behind high-speed automo- 
biles, which was the method used 
for developing P-38 Lightning and 
Constellation nose gears. 
Specifications of the treadmill 
include: diameter of drum, 10 feet; 
surface speed, 150 mph maximum; 
torque available, 3500 ft-lb (50 to 
150 mph); power available, 280 
horsepower at 150 mph; normal 
reaction force, 60,000 pounds. 
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V check the price 
WV check the analysis 
WV check the performance 


and you'll specify 
MUELLER BRASS CO. 


tut-stuf 


aluminum bronze 





check the price—Tur-Stur, the Mueller Brass Co. 
series of aluminum bronze alloys, can be supplied at 
prices below those of similar alloys. Whether 

you buy Tur-Stur in rod shapes, forgings or 
screw machine products you'll save money because 
these alloys are priced right, machine better and 
last longer. 


check the analysis—Tur-SturF alloys are a high 
copper base series containing from 9% to 13% 
aluminum and varying amounts of iron, nickel and 
manganese. They do not contain zinc and, there- 
fore, are not subject to dezincification. Tur-Stur 
alloys are available in several grades with a 
chemical composition, suitable hardness and 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
! 
mechanical properties for many different applications. st 


l 
| 
These alloys can be hot-forged into relatively 


intricate shapes... need little or no machining .. . 
and the smooth, bright surfaces eliminate 
costly finishing. 


MUELLER BRASS CO. 





check the performance—TUF-STUF alloys are light 
and strong—about 8% lighter than cast bronze 
and almost as strong as steel. They have a low 
coefficient of friction as well as good bearing and 
mechanical properties. They not only retain 

these properties but resist oxidation at the high 
speeds and high temperatures of modern production 
equipment. They will withstand strong acid attack 
or the effects of brackish waters and are highly 
resistant to corrosion. 








For complete information, write 
today for our new TUF-STUF 
Engineering Manual. 




















they're our specialties 


and we giveethem 
EXTRA SPECIAL CARE 


If your design requirements call 
for electrical contacts having ex- 
acting, unusual properties, you'll 
find it to your advantage to CON- 
TACT GIBSON FIRST, 
Electrical contacts are tailored 
by Gibson Electric Company to 


fit customers’ specific contact 
needs — requiring the right com- 
bination of high electrical and 
thermal conductivity, low con- 
tact resistance, long life, and 
resistance to arc erosion and to 
sticking. 

Because Gibsiloys are made 
from metal powders, they offer 
combinations of physical and 
electrical properties not possible 
with alloys or unalloyed contact 
metals. 

Achieving property combina- 
tions in Ductile, Graphite or 
Refractory Gibsiloys to fit special 
jobs is a specialty with Gibson. 
Moreover, every order, large or 
small, receives our individualized 
supervision — painstaking atten- 
tion to every processing detail. 





Let us work with you to help solve your 
contact problem. 
CONTACT GIBSON FIRST 


= — 
i! bsilo u 
ELECTRICAL CONTACTS 


j 


Mlanuspacte hed by 


GipSON EtectrRic COMPANY 





8355 Frankstown Ave. 
Pittsburgh 21, Pa. 
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New Conveyor Belt 
Is Virtually Rip-Proof 


Featuring a _ special carcass 
which has multiple strands of 
high-tensile steel wires imbedded 
at three-foot intervals, a new type 
of conveyor belt claimed to be vir- 
tually rip-proof has been placed on 
the market by New York Belting 
& Packing Co. The belt was de- 
signed particularly for use where 
it might be subject to severe rip- 
ping or tearing action by foreign 
objects, such as in coal mining and 
handling, quarry work and mining 
of metallic ores. If the belt should 
be punctured, tearing is limited to 
approximately three feet length- 
wise by the steel] wire construction. 


To Build Largest Motor and 
Reversible Pump Turbine 


The largest electric motor and 
reversible pump-turbine ever built 
will provide power for a pump- 
storage project at Hiwassee Dam 
in southwestern North Carolina, 
part of the Tennessee Valley Au- 
thority’s power network. 

In this installation a single hy- 
draulic machine will operate in one 
direction as a turbine and in the 
reverse direction as a pump. A di- 
rect-connected electrical machine 
will serve as a motor for pump op- 
eration and as a generator for tur- 
bine operation. 

Water from the reservoir will 
drive the unit as a turbine-gener- 
ator and add needed energy to the 
TVA system in peak demand pe- 
riods. During off-peak periods, the 








This generator rotor will be turned 
by a turbine which operates with 
the highest steam ve ever 


used in a turbine-generator. Operat- 
ing at an initial temperature of 1100 
F, the 145,000-kilowatt unit is one 
of the first 3600- -rpm machines to 
generate electricity at 20,000 volts. 
The boiler for the turbine will em- 
ploy coal, oil or gas, or a combina- 
tion of all three fuels. Steam is used 
at a pressure of approximately 2350 
psi. Because of the high tempera- 
ture, the inner shells of the turbine 
are made of stainless steel. Built by 
General Electric for the Kearney, 
N. J., generating station of Public 
Service Electric and Gas Co., it 
weighs 100,000 pounds 


¢ 


unit will operate as a motor-driven 
pump to refill the reservoir. 

The huge pump-turbine, operat- 
ing as a turbine, will have a maxi- 
mum rating of 120,000 horsepower. 
When motor driven, the unit will 
have a pumping capacity of 3.3 
billion gallons of water per day, 
nearly three times the amount re- 
quired for New York City. The 
pump has over three times the ca- 
pacity of each of those which serve 
the Grand Coulee irrigation proj- 
ect, which are at present the 
world’s largest. 

As a motor, the electrical mo- 
tor-generator will be rated at 102,- 
000 horsepower, 106 revolutions 
per minute. As a generator it is 
rated 70,000 kva, 13,800 volts. Be- 
ing built by Allis Chalmers, the 
equipment is scheduled to be com- 
pleted late in 1955. 

. 

Robert S. Sweeney has been 
named vice president and general 
manager of the Watson-Stillman 
Co., the hydraulic press division of 
H. K. Porter Co. Inc., Roselle, N. J. 
Mr. Sweeney, who has been associ- 
ated with Watson-Stillman since 
1944, will be in charge of all man- 
ufacturing and sales activities of 
the division. 
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The rubber 
ball that 
wouldn't A 


. bounce... 


s 
2 
i- 
q Ma 
0 There’s more to rubber than bounce! yo 
i ha 


Rubber parts, therefore, must be specifically 
y engineered to meet the requirements of 
their intended applications. In addition to 
it elasticity, many special properties are 
essential for dependable performance. 
These include resistance to extreme 

n temperatures or weather conditions, the 
ability to withstand oils and other 
petroleum derivatives, resistance to various 
chemicals, and long life despite abrasive 


actions encountered in many applications. 


, STALWART RUBBER specialists can fabricate 
custom shapes from stocks compounded 
to meet specific job requirements. These 





shapes can be molded, extruded, die-cut, 
lathe-cut or mandrel-built to meet 
individual, S.A.E. or A.S.T.M. specifications. 











Write today for 
CATALOG 51SR-1 


for complete 








information. 











966-SR 


TALWART RUBBER COMPANY 


200 Northfield Road + Bedford, Ohio 
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HINTS FOR 


use it! 


EVERY GLASS 
OF WATER 










“x 


@ The little water meter in your cellar puts hard 
rubber to the most exacting test a material can get. The 
disc piston, for example: It spends 10 — even 20 — years 
under water, and oscillates through a dozen cycles for 
every glass of water. Machined as precise as 0.0005”, it 
must neither warp, swell, nor wear, or the meter’s accuracy 
would be lost. 

Some discs are blanked from Ace Hard Rubber sheet; 
others start as moldings with metal cores. Moisture absorp- 
tion is as low as 0.04%, tensile strength as high as 10,000 
psi. Special high-temperature compounds safely handle 
hot water. 

There are Ace Hard Rubber compounds that are ideal 
for many of yout mechanical and electrical parts too. 
Always consult your Ace Handbook when selecting ma- 
terials — rubber or plastics — for today’s production and 
tomorrow's plans. 


80-page Ace Handbook 
Free to Design Engineers 


ja. satnr bomstuge 
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cut from tubes 





Disc molded 
PRODUCTION-MINDED over metal core 

Bearing plate 
ENGINEERS 


punched from sheet 


Meter turbine wheel, 
molded and machined 





oe. 


‘ 
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American Hard Rubber Company 


gives ita whirl 





Engineering News 





Giant Forging Presses 
To Be Installed 


Two of the world’s largest forg- 
ing presses will be installed in the 
Cleveland works of Alcoa. They 
will be used primarily to make 
structural aluminum and magne- 
sium forgings for high-speed air- 
craft. 

Scheduled to be put into opera- 
tion in 1954, the presses will be 
housed in a structure equivalent in 
height to a ten-story office build- 
ing. The 50,000-ton capacity press 
will have an overall height of 80 
feet, 36 feet of which will be below 
ground level. The 35,000-ton press 
is 38 feet wide, 65 feet long and will 
stand 49 feet above the ground. 
Steel reinforced concrete founda- 
tions extending 30 feet under- 
ground and resting on pilings 
reaching 75 to 80 feet downward 
will be needed to support this heavy 
machinery. 


¢ 


Headquarters for the sales, engi- 
neering and production of Multi-V- 
Drives and Allspeed drives have 
been consolidated at the Oil City, 
Pa., plant of Worthington Corp., 


| Harrison, N. J. A new division, 
the Mechanical Power Transmis- 


sion Div., has been set up to handle 


| these products, and approximately 
| 150,000 square feet of manufactur- 


ing and warehousing space has been 


| allocated to the operation. 











¥ 


Ges aa 


Go” 93 worTH STREET 
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NEW YORK 13, N. Y. 








“| don’t know why the boss 
hired him. He doesn’t even have 
an engineering degree.” 
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Li MC ACA) 
in Micro-Fog lubrication 


by NORGREN 
















Complete Visibility 
and Control of Oil Feed... 
no guess work. : 


AIR——> Et a 


Oil Feed Controlled ol Pia 
Air ...gives very uniform rate 
of oil feed. 
































Constanf Oil Level... 
rate of oil feed not affected 


by oil supply. 
























































This new Norgren Micro-Fog Lubricator is designed particularly for use 
where maximum oil fog is required with minimum air consumption. 


- 












® Rire, No 
Fo R r 
“IN COLORFUL COLORADO. PATA 






Valves @ Filters @ Regulators @ Lubricators @ Hose Assemblies 


PIONEER AND LEADER IN OIL FOG LUBRICATION FOR 25 YEARS. 
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for all rotating electrical equipment—from 
“flea power” to thousands of horsepower 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT 
BEARING MATERIALS #¢ BRAZING FURNACE BOATS 
CARBON PILES ¢ CLUTCH RINGS « CONTINUOUS CAST- 
ING DIES « DASH POT PLUNGERS e« FRICTION SEGMENTS 


RAIL BONDING MOLDS « RESISTANCE WELDING AND BRAZING TIPS « SEAL RINGS 


ab 


TROLLEY AND PANTOGRAPH SHOES . . . and dozens of carbon-graphite specialties 


242 


Engineering News 


Huge Concrete Saucer 
Will Support Atomic Reactor 


Foundation for a huge 225-foot 
steel sphere which will house a 
nuclear submarine power plant is 
179 feet in diameter and 42 feet 
deep. This Atomic Energy Com- 
mission project for the U. S. Navy 
is under the direction of the Knolls 
Atomic Power Laboratory operated 
by the General Electric Co. The re- 
actor itself and the sphere enclos- 
ing it are being built near Schen- 
ectady, N. Y. 

Spherical design was adopted 
for the reactor building to pro- 
vide additional protection to op- 
erating personnel and off-site 
areas during test operations be- 
yond the safety controls of the re- 
actor itself. Welded steel plates 


hoisted into position by a derrick 
which reaches 424 feet above 
ground level will form the “skin” 
of the structure. Each weld must 
be X-rayed to detect cracks. 

This reactor will be used in one 
of two nuclear science studies be- 
ing made to reach a solution to the 
problem of utilizing atomic fuel 
for underwater ship propulsion. 

° 

Three new sales appointments 
have been announced for the Ma- 
chine Tool Div. of Sundstrand Ma- 
chine Tool Co., Rockford, IIl. 
George Seeburg, formerly sales en- 
gineer, has been promoted to the 
position of assistant general man- 
ager. T. B. Buell has been named 
general sales manager in charge of 
overall sales policies and is suc- 
ceeded in his former position as 
sales manager by Harry Leber, for- 
mer manager of direct sales. 
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‘DEVICES 


SN 


better than 


0.2 of 1% 
accuracy 


Designed to the most exacting specifications for such 
applications as timing operations in industrial labo- 
ratories or for measurement processes in the chemical 
and metals industries. Incorporates new principle of 
differential clutching that prevents slippage and over- 
run and insures unusually high accuracy and depend- 
able performance. 


FEATURES 


* High Accuracy... Better than 0.2 of 1% of 
full scale reading. 

SS Positive Clutching ... Differential gear clutch 
provides positive action. No friction 
element to slip or wear. Accuracy fur- 
ther improved by clutching at u high- 
speed part of the gear train. 

i Extra Strength Motor...High torque motor 
insures adequate reserve for adverse 
operating conditions. 

2 Easy-to-Read Dial. .. Large sweep hand 
permits extremely precise readings. 

” Compact Size ... Takes up minimum space 
on crowded panels... ideal for port- 
able or airborne equipment. 

BR Military Specifications ... Models available 
to meet exacting specifications as to 
shock, vibration, temperature, etc. 


the R. W. CRAMER CO., INC. 


Box No. 6, Centerbrook, Conn. 


scres 
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TIME TOTALIZER 


MODEL ET 








POSITIVE ACTION CLUTCH 
WITH DIFFERENTIAL GEAR 


PREVENTS SLIPPING OR OVERRUN 


In this unique clutch mechanism, the mot per 
fhelslsl-loul-to MM fo MM iil MET aMme| lel m@mol mle Meollid-ta-talilel Mel -lel tS 241-110 
solenoid paw! moves between the two differential members 
yoM ile Mol) 1b Amolil MT Mae -1- MR eM gel icli Wiel Mela! - Mil. 1 SEEN lel ai diel ale, 
stops are thus effected by positive engagement of paw! with 
gear. There can be none of the slippage or overrun assoc 
ated with friction clutches; nor can characteristics change 


with age 


Please send complete information about (Please check) 
the ET Time Totalizer. CD 
Send copy of General Bulletin on 

Synchronous Timing Motors and Electric Timers. [—] 


NAME: 
Address: 














































































O-RINGS 


ARE STOCKED BY 
THESE AUTHORIZED 
DISTRIBUTORS 


AKRON, O. 

B. W. Rogers Co. 

850 So. High St., Akron 9, Ohio 
BOSTON, Mass. 

Irving B. Moore Corp. 

65 High Street, Boston, Mass. 
BUFFALO, N. Y. 

Hercules Gasket & Rubber Co. 

327 Washington St., Buffalo 3, N. Y. 
CHICAGO, Ill. 

Air Associates, Inc. 

5315 W. 63rd St., Chicago 38, Ill. 

Shields Rubber Co. 

108 N. Clinton St., Chicago 6, Ill. 
CLEVELAND, O. 

Cleveland Ball Bearing Co. 

3865 Carnegie Ave., Cleveland, Ohio 

Neff-Perkins Co. 

1360 West 9th St., Cleveland 13, Ohio 
DALLAS, Tex. 

Air Associates, Inc. 

3214 Love Field Dr., Dallas 9, Tex. 

Metal Goods Corp. 

6211 Cedar Springs Rd., Dallas 9, Tex. 
DAYTON, Ohio 

J. N. Fauver Co. 

1534 Keystone Ave., Dayton 10, Ohio 
DENVER, Colo. 

Metal Goods Corp. 

2425 Walnut St., Denver 2, Colo. 
DETROIT, Mich. 

J. N. Fauver Co. 

49 West Hancock St., Detroit 1, Mich. 
FORT WORTH, Tex. 

Adco Industries 

3414 Camp Bowie Bivd. 

Fort Worth 7, Tex. 

HOUSTON, Tex. 

Metal Goods Corp. 

711 Milby St., Houston 3, Tex. 
INDIANAPOLIS, Ind. 

Korhumel Steel & Aluminum Co. 

1916 N. Meridian St., Indianapolis, Ind, 
Cutaway view showing O-rings. Illustration courtesy Vickers, Inc. KANSAS CITY, Mo. ‘ 
Metal Goods Corp. 

1300 Burlington Ave. 
N. Kansas City 16, Mo. 


KNOXVILLE, Tenn. 
Leinart Engineering Co. 
ae e pum 412 E. 5th Ave., Knoxville 5, Tenn. 
LOS ANGELES, Calif. 
Aero Bolt & Screw Co., Inc. 


1071 Arbor Vitae Ave. 


set endurance record rng ter 
Synthetic Rubber Products Co. 


1538 South Eastern Ave. 
Los Angeles 22, Calif. 


- , . . ‘ MIAMI, Fla. 
Vickers reversible flow 3,000 PSI hydraulic pumps, equipped Air Associates, Inc. ™ . 

— : - International Airport, Miami, Fia. 
with PARKER O-rings, recently operated 304,578 pump hours MILWAUKEE, Wis. ie. : 

. d . 9 * . ie Allrubber Products upply Co. 

THIS IS IT without malfunction for a 12-month period at one airline. 612 So. Second $t., Mitwoukes 4, Wis. 
This noteworthy performance—in all sorts of weather— MINNEAPOLIS, Minn, 
7 . es . Van Dusen Aircraft Supplies, Inc. 
demonstrates the leakproof, long service qualities of PARKER 2006 tyadele Axe.. South, 
: ty . . inneapolis 5, Minn. 
O-rings . . . precision-molded from superior synthetic rubber NEW YORK, N. Y. 
P ° . Durham Aircraft Service, Inc. 
compounds. Important, too, they provide simplified as well 56-15 Northern Bivd., Woodside, N. Y. 
7 =S= : al a . » Nielsen Hydraulic Equipment, Inc. 
as efficient sealing. Design involves only a small groove to 298 Latayette St., New York 12, N. Y. 
retain the ring. They are economical to use, easy to replace. PHILADELPHIA, Pa. 
Pp aange ? 2 Goodyear Supply Co. 
PARKER is the one source for all standard O-rings for fuel, 1506 Latimer St., Philadelphia, Pa. 
. ° P ° P ° PORTLAND, Ore. 

hydraulic and engine oil services, and for special service Hydraulic Power Equipment Co. 


, , Ww. i ° 0, Ore. 
O-rings. Ask your PARKER Distributor for Catalog 5100, or cm a 





write The PARKER Appliance Company, 17325 Euclid ae ae $2. Levis 15, Me. 
Avenue, Cleveland 12, Ohio. TULSA, Okla. 


Metal Goods Corp. 
302 North Boston, Tulsa 3, Okla. 


Cross section drawing WICHITA, Kan. 


eri i Standard Products, Inc. 
eC Se S Gum 650 E. Gilbert, Wichita 11, Kan. 
sealing under pressure. CANADA 
1 (Fe : Railway & Power Engineering Corp., Ltd. 
—- 


TUBE FITTINGS « VALVES « O-RINGS' 
Plants in Cleveland + Los Angeles + Eaton, Ohio + Berea, Ky. 








MACHINE BESIGN—January 1953 














Engineering News 





Largest Vertical Universal 
Testing Machine Planned 


Testing actual structural mem- 
bers rather than small replicas will 
be possible with the 5,000,000- 
pound capacity hydraulic tension- 
compression machine to be built at 
Lehigh University. Approximately 
58 feet high, the machine will per- 
mit the testing of building columns 
and the compressed members of 
railroad and building trusses. Tests 











will be possible on members 40 
feet long. 

Plans are being made to arrange 
for the application of auxiliary lat- 
eral loads to a specimen in the ma- 
chine, and consideration is being 
given to the possibility of utiliz- 
ing the frame of the machine in 
other tests. 


The new Union, N. J., plant of 
the Airco Equipment Mfg. Div. of 
Air Reduction Co. Inc. has been of- 
ficially opened. Manufacture of 
welding and cutting torches, tips, 
regulators, oxygen and acetylene 
manufacturing and_ distribution 
equipment, gas-arc welding appa- 
ratus and oxyacetylene cutting ma- 
chines has begun. 


Report on Materials 

Despite the steel strike, the iron 
and steel industry’s output for the 
year amounted to 93 million tons, 


according to a year-end statement 
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NEW EASY WAY TO 
SELECT THE RIGHT PUMP 


FOR THE JOB 


3 4 
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TUTHILL PUMP 
GUIDE Helps You 
Find the Answer 


To save you time and trouble in selecting the pump best-suited to 
your application, Tuthill engineers have developed this revolu- 
tionary new Pump Guide. Here, in one easy-to-use chart, is 4 
volume-full of information on the complete line of Tuthill Pumps. 
At a glance, it shows you the 
services for which each model is 
built, together with performance 
characteristics, types of packing, 
serve Sails in mounting styles and distinctive fea- 
Lubrication, tures that enable you to fit the pump 
Hydraulic, Coolant, to your need, rather than the need 
Oil Burning, to the pump. 
Circulating and Copies of this helpful guide are 
rename verre: now available on request. Write for 
yours today—there’s no obligation. 


Tuthill Positive 
Displacement Pumps 





TUTHILL 
25° Rot TUTHILL PUMP COMPANY 
iy aniversary 939 East 95th Street... Chicago 19, Illinois 














LORD Mountings Absorb Shock 
OF 


ICE CUTTING OPERATION 
AUTOMATIC ICE MAKER 





or 


refrigeration 
arr cond: hiohiag 
















York Automatic Ice Maker cuts the columns of ice 
into “the cubes with the holes.” As the cutter bar, shown 
above, moves into position to cut the ice columns, Lord 
Shock mountings absorb the initial impact so that the 
stainless steel needles pierce the ice cleanly and evenly... 
“never shattering a cube.” This shock load, if not ab- 

‘sorbed, could very well destroy the “magic” of the in- 
genious machine which makes “Yorkubes” and “York- 
ice” for commercial uses. 

This is another example of the vital importance of pro- 
tecting commercial machines and their products from the 
destructive forces of vibration and shock. 

Lord engineering includes the careful selection of the 
correct elastomer, meeting metallurgical and design re- 

~ quirements . . . then manufacturing mountings to 


lS exacting specifications. You are invited to discuss 
ho 


> N the final operation of its ice making cycle, the 
agers O pe g cy 












your product improvement program with us. 


/ > x a a 
SS ET LOT 
BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
233 South Third Street 413 Fidelity Union 7285 Widener Building 410 West First Street 


Life Building 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS ERIE, PENNSYLVANIA 
7310 Woodward Ave. 280 Madison Avenue 520 N. Michigan Ave. 1635 West 12th Street 


LORD MANUFACTURING COMPANY « ERIE, PA. 


















Advertisement 
Versatility of Lord Mountings 
Again Demonstrated by 
York Application 

By correct use of the Lord 
Mounting to absorb initial shock of 
the stainless steel ice-cutting needles 
used in the final operating cycle of 
the York Automatic Ice Maker, 
Lord Engineering ingenuity demon- 
strates again its versatility. Lord 

lateform Mountings, _ illustrated 
below, cushion the impact of the 
needles to eliminate the danger of 
shattering the “cube with the hole”. 

















This is but one of a wide variety 
of installations in which Lord 
Mountings absorb shock and isolate 
vibration, protecting machine opera- 
tion and prolonging service life. 

On sensitive instruments and 
electronic equipment, Lord Mount- 
ings are used in a widely diverse 
pattern of applications. For in- 
stance, on airborne radio, radar and 
instrument panels Lord Mountings 
prevent vibration from affecting the 
accuracy of these sensitive mecha- 
nisms. Lord Mountings are also 
widely used on the recording in- 
struments of industry, on farm and 
construction equipment, automotive 
and railway equipment, 

Lord Flexible Couplings from 
1/50th hp. to 100 hp. are used for 
the transmission of power. A tiny 
Lord Flexible Coupling transmits 
the power in home blenders and 
juicers. A mammoth capacity Lord 
Flexible Coupling transmits the 
power of the new Boeing Gas Tur- 
bine Engine to the driving wheels 
of a heavy duty truck, thus demon- 
strating another example of Lord 
“advanced design” engineering. 

In the sky, on military and 
commercial aircraft, Lord Engine 
Mountings are used the world over 
from small single engine private 
planes to the military and commer- 
cial giants. 

Over 27,000 different designs of 
Lord Mountings and their varia- 
tions are available for reference in 
Lord data files. From this reservoir 
of design experience, Lord Engi- 
neers can help you improve your 
product. 


MACHINE DESIGN—January 1953 


































~~ —' TF icant ~, -_ — 


ee. ee ee ee ee 


‘tT’ Oo = 7535 74 DMD A = 








Advertisement 

Lord Mountings Help Reduce 
*“‘Down-Time” and Service on 
LeTourneau Earthmover 


On “round-the-clock” operations 
on large construction jobs, “down- 
time” and service work become .ex- 
pensive to the contractor. 

Of necessity, LeTourneau Earth- 
movers are operated under the most 
rugged conditions. It was found that 
cough terrain, rocks and other ob- 
stacles damaged radiators and water 
systems as a result of high shock 
loads exerted on those component 
parts. 

Lord plate form mountings are 
now used on the top of the radiator 
in either horizontal or vertical posi- 
tion, according to the construction 
characteristics of various LeTour- 
neau Earthmover Models. These 
are shown below. 





























The base of the LeTourneau radi- 
ator rests on the Lord plate form 
mounting illustrated below. 


_— atin 
- 








This combination results in com- 
plete control from any direction, of 
engine vibration and the heavy 
shocks encountered in earthmoving 
operations. Thus, the vitally im- 
portant cooling system of LeTour- 
neau heavy duty  earthmoving 
equipment is protected by Lord Vi- 
bration and Shock Control Mount- 
ings. Thus, also, the costly servicing 
of cooling systems and the resulting 
“down-time” have been reduced to 
a minimum, 

Further details on the isolation 
of vibration and absorption of shock 
loads in other industrial applications 
are available on request from Lord 
Manufacturing Company, Erie, Pa. 
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233 South Third Street 


7310 Woodward Ave. 


Protect Radiator on 
“D” Roadster Tournapull 
Earthmover by 





aroma heavy machines change the face of the earth by moving 
tons and tons of dirt, it’s a safe bet that the “D” Roadster Tour- 
napull Scraper is doing a giant’s job. Contributing mightily to its con- 
tinuous, smooth, cool running are the Lord Vibration and Shock’ 
Control Mountings which protect the radiator from the shocks this 
rugged “bear for punishment” must withstand day in and day out. 
The “D” Roadster’s Lord Mountings absorb the twisting, tearing strains 
of heavy duty earthmoving. The cooling system vital to its uninter- 
rupted operation functions perfectly no matter how rough the going. 
Lord Mountings are used profitably by machine designers to pro- 
tect the most sensitive mechanisms. . . and the.most rugged machines. 
In many instances Lord Engineers help to “design out” malfunctions 
in machines already operating in a wide diversity of industries. We 
welcome you to consultation with us on control of vibration and shock. 
DALLAS, TEXAS j PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 


413 Fidelity Union 72S Widener Building 410 West First Street 
Life Building 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS 
280 Madison Avenue 520 N. Michigan Ave. 


LORD MANUFACTURING COMPANY « ERIE, PA. 


headquarters os te 
VIBRATION Con ROL 


BURBANK, CALIFORNIA 


ERIE, PENNSYLVANIA 
1635 West 12th Street 
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STAMPINGS 


ONE PIECE 


OR ONE MILLION 





Our impartial use of three basic 
methods gives you economy re- 
gardiless of length of run. 


Most parts can be made by all three 
methods. But only one is most econom- 
ical. The right decision is a technical one, 
based on over-all quantity, contour di- 
mensions, tolerances and materials. 
YOUR SUPPLIER SHOULD 
KNOW ALL THREE METHODS 


RUN 


MACHINE \ 


cur 


AND LABOR 


cost OF TOOL 





' 10 100 1,000 100,000 


NUMBER OF PIECES 


10,000 


This logarithmic chart shows 
the effect of these factors on the 
specific part illustrated. From 1 
to 65 parts, our own Machine-Cut 
Method with no die cost whatso- 
ever is most economical. At 65 
parts, the Short-Run Method using 
economical blanking dies and 
stock punches is best. At 7,000 
units, the standard Production 
Method with standard dies is most 
satisfactory. 


For more information, use coupon on opposite page 


SYAW PINGS 
HIVISION 


O LAMINATED o 











O COMPANY, INC. O 











1201 Union Street, Glenbrook, Conn. 
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by the American Iron and Steel In- 
stitute. This total was 12 million 
tons below the record 1951 produc- 
tion, but production capacity at the 
end of the year was about 116 mil- 
lion tons, 

Direct defense requirements for 
steel in 1953, including atomic en- 
ergy requirements, are not expect- 
ed to exceed 14 million tons, or 
about 12 per cent of the antici- 
pated output of 119 million tons. 
The Steel Products Industry com- 
mittee of NPA recently recom- 
mended immediate open-ending of 
the Controlled Materials Plan as it 
affects steel, in accordance with 
the report of a task group which 
studied the demand-supply situa- 
tion in the steel products industry. 
Members declared that, after tak- 
ing care of military demands, there 
would be no significant dislocation 
of steel distribution to the civilian 
economy, and steps should be tak- 


/ en immediately to begin orderly 


revocation of Government controls. 

In essence, the committee recom- 
mended revocation of all nonmili- 
tary CMP authority on April 1, 
and that no applications for allot- 
ment authority be filed for the sec- 
ond and subsequent quarters of 
1953. 


Second-Quarter Steel: The De- 
fense Production Administration, 
however, has ignored this request 
and has allotted steel for the sec- 
ond quarter, increasing the amount 
to makers of automobiles and other 
civilian products to 70 per cent of 
the amount consumed before the 
outbreak of the Korean war. This 
is the highest allotment of civilian 
steel so far, being about 16 per 
cent higher than the third quarter 
of 1952. Copper and aluminum, by 
comparison, will be held at about 
present levels. 

Considering this situation, it 
seems highly unlikely that controls 
will be affected before the cutoff 
date of June 30 (MACHINE DESIGN, 
December, 1952, Page 262). 


Boron Steel Output Rises: Pro- 
duction of lean-alloy boron steel 
has risen rapidly in 1952. In the 
first nine months, output was 507,- 
000 tons, far exceeding the com- 
plete output in 1951 of 354,000 


























This Mark-Time switch is a good deal 
more than a great convenience... it 
saves you money! Because it remembers 
to turn the current off or on when you're 
not there to do itl 


“9000” automatically controls circuits 
of store window lights, neon signs, hall 
and garage lights, attic fans, farm light- 
ing systems... dependably turning 
them on or off at the time you set. 


“9000" is easily mounted in any 
standard rectangular wall box. Move- 
ments only available for home or 
industrial heating controls. 


Write today for full details and prices. 


SPECIFICATIONS 

Time ranges from 3 minutes to 12 hours. UL 
approved. Rated at 20 ampere, 125 volt, 1 HP or 
10 ampere, 250 volt operation, AC only. Avail- 
able for either ON or OFF type operation. Hold 
feature also available—at HOLD position, 
current is ON, but timing mechanism does not 
operate until knob is turned from HOLD to a 
time period. 


- 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 





Manvfactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St., Ottawa, Ontario, Canada 
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Engineering News 





tons. Expressed in percentage of 
total alloy steel other than stain- 
less, production jumped to 9.2 per 
cent from 4 per cent in 1951. Con- 
servation of critical alloying ele- 
ments and difficulty in obtaining 
certain types of alloy steels seems 
to have accounted for the quick 
growth, since the use of only 8 
pounds of boron in a 150-ton heat 
of steel saves a total of 4800 
pounds of critical nickel, chromium 
and molybdenum. 


Drought Holds Aluminum Down: 
Power shortages cut production of 
primary aluminum for the second 
straight month in October, accord- 
ing to the latest available figures 
of the Aluminum Association. The 
continuing drought in the Pacific 
Northwest held total production 
down to 155 million pounds, com- 
pared with 154 million pounds for 
September and 170 million pounds 
for August. At the same time, 
capacity by the end of 1953 is ex- 
pected to be about 250 million 
pounds a month, which may off- 
set some present effects of the 
shortage. 


Plastics Continue at High Level: 
If the present trend in the plastics 
industry holds, a record level of 
activity will be established during 
the first quarter of 1953. Starting 
from a low level during the sum- 
mer mo hs of last year, plastics 
molders are currently very busy. 
Some, however, feel that there are 
signs of growing surplus, both in 
materials and in available produc- 
tion time. 


Cold Rubber Preferred: Accord- 
ing to the Reconstruction Finance 
Corp., there has been an increased 
preference for synthetic rubber 
produced at low temperatures, pri- 
marily because of its increased 
durability for tires. Estimates re- 
ceived by RFC for the last quar- 
ter of 1952 and the current quarter 
indicate that manufacturers of syn- 
thetic rubber (GR-S) products will 
purchase 174,000 tons of cold rub- 
ber and 316,000 pounds of hot rub- 
ber. Additionally, about 34,000 
tons of butyl (GR-I) rubber, prin- 
cipally for the manufacture of in- 
ner tubes, will be used. 
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BRING YOUR SHIM PROBLEMS 


TO “SHIM HEADQUARTERS” 


THE 
LAMINUM ® 
SHIM 


ONLY LAMINATED SHIM COMPANY 
OFFERS YOU ALL FIVE SOLUTIONS: 


SIMPLY PEELS FOR ADJUSTMENT 

Made up of from 3 to 63 layers of .002 
or .003 inch brass or steel, metallically 
bonded together over their entire sur- 
faces. No dirt between layers. Peels 
with penknife. 





**just spot- 
soldered on 


FOR QUICK, ASSEMBLY LINE USE 

The laminations of the Lamisot Shim 
(in brass only) are temporarily joined 

by spot-soldering on the edges. Gauges 

and number of laminations within one 
“+ ubgrenageted wo 





FOR SUPER SPEED, THIN GAUGE SITUATIONS 
The little tab holds shim laminations - 
together firmly, yet is easily removed. 
Different metals can be used in the 
same shim. 





THE 
LOOSE LEAF 
SHIM 








~ 


FOR UNLIMITED FLEXIBILITY 

This is the simplest of all custom- 
stamped shims. It is completely flexible. 
Usually sets including several different 
gauges are made up. 





**swell for hand 
cutting simple 


PACKAGED Seanitll 
shims 


SHIM 
STOCK 





© LAMINATED oh 








|O COMPANY, INC. O 

















MAIL 


LAMINATED SHIM COMPANY, INC. 


READY FOR EASY USE, WITHOUT WASTE 
Thin gauge 6” x 100” rolls feed 

package slots. Heavier gauges 
in flat envelopes. Available from your 
Industrial Distributor. 


*T.M. Applied For 


SHIM HEADQUARTERS SINCE 1913 


Check Our Stampings Division 


For Your Stamped Parts Requirements 


USE COUPON for more information 


TODAY! 


1201 UNION STREET, GLENBROOK, CONN. 


Please send me more information on: 











C SHIMS (0 STAMPINGS C) 80TH 
( We'd like to discuss our problem with one of your Sales Engineers. 

NAME TITLE 

COMPANY 

STREET. 

CITY. = = STATE_. 
















































17,000 copies now 
in use! 
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YOU NEED... 
at your Fingertips ! 


This famous 640-page Struthers-Dunn RELAY ENGI- 
NEERING HANDBOOK answers your questions about relays 
—explains fundamental types—tells what types to use 
for specific applications—serves as a comprehensive guide 
to relay circuits, relay selection, application, use and 
maintenance. Contains over 1100 illustrations. Limp 
bound in convenient pocket size. Price $3 per copy. 


STRUTHERS 








STRUTHERS-DUNN, Inc., 150 N. 13th St., Philadelphia 7, Pa. 
BALTIMORE « BOSTON » BUFFALO * CHARLOTTE « CHICAGO « CINCINNATI 
CLEVELAND » DALLAS + DETROIT » KANSAS CITY « LOS ANGELES 
MINNEAPOLIS « MONTREAL « NEW ORLEANS « NEW YORK « PITTSBURGH 
ST.LOUIS * SAN FRANCISCO « SEATTLE + SYRACUSE » TORONTO 





AND EXPOSITIONS 





Jan. 12-15— 

American Management Associa- 
tion. General management confer- 
ence to be held at Hotel Statler, 
Los Angeles, Calif. Additional in- 
formation may be obtained from 
society headquarters, 330 West 
42nd St., New York, N. Y. 


Jan. 12-16— 

Society of Automotive Engineers. 
Annual meeting and engineering 
display to be held at the Sheraton- 
Cadillac Hotel in Detroit, Mich. Ad- 
ditional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 


Jan. 19-22— 

Plant Maintenance Conference. 
Fourth annual conference to be 
held at the Public Auditorium in 
Cleveland, Ohio. Additional infor- 
mation may be obtained from the 
exposition management, Clapp & 
Poliak Inc., 341 Madison Ave., New 
York 17, N. Y. 


Jan. 19-23— 

American Institute of Electrical 
Engineers. Winter general meet- 
ing to be held at Hotel Statler, 
New York, N. Y. Additional in- 
formation may be obtained from 
society headquarters, 33 West 29th 
St., New York 18, N. Y. 


Jan. 21-23— 

Society of Plastics Engineers. 
Ninth annual technical conference 
to be held at the Hotel Statler in 
Boston, Mass. Additional informa- 
tion may be obtained from society 
headquarters, 409 Security Bank 
Bldg., Athens, Uhio. 


Jan. 23— 

Malleable Founders’ Society. 
General society meeting to be held 
at Hotel Cleveland, Cleveland, O. 
Additional information may be ob- 
tained from society headquarters, 
1800 Union Commerce Bldg., Cleve- 
land, O. 


Jan. 26-30— 
International Heating and Ven- 
tilating Exposition. Eleventh ex- 
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TORRINGTON 





TORRINGTON Four-Row Tapered Roller Bearings 
on finishing-stand work-rolls of U.S. Steel 80" hot-strip 
mill were specially designed for high thrust loads. 


(um | 


Rolling to a new 


2,621,500 net tons of 2000-foot coils of 
uniform strip! That was the world’s 
record rolled in 1951 by U. S. Steel’s 
80” hot-strip mill—on TORRINGTON 
Tapered Roller Bearings. 


1 scale breaker to its finishing stands. 


TORRINGTO 





BEARING § 








¥ 


= 
2 
& 


Jom i 


Sita r } i / —__—_ Wl | | a ’ 


Precision-ground TORRINGTON Tapered Roller Get more 
Bearings are used on many of the work-roll and 
back-up thrust positions, from the huge mill’s No. 


THE 


These TORRINGTON Bearings, say U.S. Steel South Bend 2 





TAPERED 


ROLLER 





| Spherical Roller ¢ Needle + Tapered Roller + Straight 
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worlds record! 






engineers, have given excellent service. 
Specially designed by TORRINGTON 
to withstand the high thrust loads de- 
veloped, they have helped to cut down- 
time to only one hour a turn. 

tons per turn from your mills. Equip 


them with TORRINGTON Tapered Roller Bearings. 


TORRINGTON COMPANY 


1, Ind. Torrington, Conn. 


Roller e¢ Ball e Needle Rollers 
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AMBLER PENNA, 


Technical Service Data Sheet 
Subject: SPECIFICATION RUST PROOFING AND 
PAINT BONDING CHEMICALS 




















SPECIFICATION ACP SPECIFICATION 
uUMeeR CHEMICAL SPECIFICATION TITLE 
Q0-P-416 “*LITHOFORM” PLATING, CADMIUM 
ZINODINE” (ELECTRODEPOSITED) 
CANS, CORRUGATED: ASH AND GARB- 
RR-C-82 “LITHOFORM’ NO, 32 AGE, TAPER-SIDE, ZINC-COATED, 
WITH COVERS 
MIL-C-5541 “ALOD/NE* CHEMICAL FILMS FOR ALUMINUM AND 
(See also QPL-5541-1) ALUMINUM ALLOYS 
MIL-C-16232 COATINGS — PHOSPHATE; OILED, 
Type | ““THERMOIL-GRANODINE” SLUSHED, OR WAXED (FOR FERROUS 


METAL SURFACES) AND PHOSPHATE 











Type I PERMADINE™ TREATING COMPOUNDS 
“GRANODINE” EQUIPMENT, ELECTRIC POWER, BA- 
MIL-E-917A (Ships) ““LITHOFORM"” SIC REQUIREMENTS FOR (NAVAL 
““ZINODINE” SHIPBOARD USE) 
pa - LINKS, METALLIC BELT, FOR SMALL 
MIL-L-3077 PERMADINE prey ten been 
saesmeemnenes SURFACE TREATMENTS (EXCEPT 
MIL-S-5002 yn PRIMING AND PAINTING) FOR METAL 


AND METAL PARTS IN AIRCRAFT 


VEHICLES, COMBAT, SELF-PRO- 
MIL-V-3329 **GRANODINE”’ PELLED AND TOWED; GENERAL RE- 
QUIREMENTS FOR 


CLEANING AND PREPARATION OF 

















JAN-C-490, Grode | ““GRANODINE”’ FERROUS METAL SURFACES FOR OR- 

GANIC PROTECTIVE COATINGS 
“GRANODINE” FINISHES FOR EQUIPMENT HARD. 

JAN-F-495 “LITHOFORM” WARE 

JAN-L-548A “PERMADINE™ LINK, METALLIC BELT, 20 MM., M8 
TREATMENT AND PAINTING (FOR 

JAN-T-704 ““GRANODINE” CONSTRUCTION AND ENGINEERING 
EQUIPMENT) 





ELECTRONIC EQUIPMENT; GENERAL 

















ry ve 
AN-E-19 ZINODINE SPECIFICATION FOR 
“ALODINE” 
“GRANODINE”’ 
AN-F-20 “LITHOFORM” FINISHES, FOR ELECTRONIC EQuIP- 
(See also U.S.A. 3-213) | “PERMADINE” MENT 
**THERMOIL-GRANODINE”’ 
“ZINODINE”’ 
U.S.A. 57-0-2C 
Type Il, Class A “THERMOIL-GRANODINE” | FINISHES, PROTECTIVE, FOR IRON 
Type ll, Class B ““PERMADINE” AND STEEL PARTS 
Type ll, Class C “*GRANODINE”’ 
U.S.A. 51-70-1 
Finish 22.02, Closs A| “*THERMOIL-GRANODINE” | PAINTING AND FINISHING OF FIRE 
Finish 22.02, Class B | “*PERMADINE” CONTROL INSTRUMENTS; GENERAL 
Finish 22.02, Closs C | “*GRANODINE” SPECIFICATION FOR 
re - CONTAINERS, METAL, FOR ARTIL- 
U.S.A. 50-60-1 GRANODINE LERY AND ROCKET AMMUNITION 
SPECIFICATIONS FOR THE MANUFAC- 
U6. eved ©. 8. GS “9s epnen TURE AND INSPECTION OF CAR- 


TRIDGE, POWDER, AND ROCKET 
TANKS (ALUMINUM) 


INSTRUCTIONS FOR PAINTING 
, - , GENERAL SPECIFICATIONS FOR 
U. S. N. Appendix 6 LITKOFORM” BUILDING VESSELS OF THE UNITED 
STATES NAVY 


NAVY AERONAUTICAL PROCESS 

















Me364 “*PERMADINE”’ SPECIFICATION FOR COMPOUND 
**THERMOIL-GRANODINE” PHOSPHATE RUST-PROOFING PRO- 
‘ CESS 
**ALODINE” ELECTRONIC EQUIPMENT, NAVAL 
16E4 (Ships) **“GRANODINE” SHIP AND SHORE: 
**ZINODINE” GENERAL SPECIFICATION 
MINUM AND 
an-c-170 (Se miL-c-5541) ia 
NISH re) ND SIGNAL 
U. $. A. 72-53 (See AN-F-20) CCUIrUnNT! vices 





CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR OR- 
AXS-1245 (See JAN-C-490) GANIC PROTECTIVE COATINGS (EX- 
CEPT FIXED INSTALLATIONS) 




















WRITE FOR DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON A + P 
YOUR OWN METAL PROTECTION PROBLEMS : 








Meetings and Expositions 





position to be held at the Interna- 
tional Amphitheatre in Chicago, 
Ill. Charles F. Roth, 480 Lexing- 
ton Ave., New York 17, N. Y., is 
manager. 


Feb. 4-6— 

Western Computer Conference. 
First meeting to be held at Hotel 
Statler, Los Angeles, Calif. will be 
sponsored by the joint Computer 
Conference Committee of the Insti- 
tute of Radio Engineers and the 
American Institute of Electrical 
Engineers. Additional information 
may be obtained from Co-chairman 
Gilbert McCann, California Insti- 
tute of Technology, Pasadena, 
Calif. 


Feb. 16-18— 

American Management Associa- 
tion. Personnel conference to be 
held at the Palmer House, Chicago, 
Ill. Additional information may be 
obtained from society headquarters, 
330 West 42nd St., New York, N. Y. 


February 18-20— 

Society of Plastics Industry. 
Eighth annual reinforced plastics 
division conference to be held at 
the Shoreham Hotel, Washington, 
D. C. Additional information may 
be obtained from society headquar- 
ters, 67 West 44th St., New York 
18, N. Y. 


Mar. 2-6— 

American Society for Testing 
Materials. Spring meeting to be 
held at the Statler Hotel, Detroit, 
Mich. Additional information may 
be obtained from society head- 
quarters, 1916 Race St., Philadel- 
phia 3, Pa. 


Mar. 3-5— 

Society of Automotive Engineers. 
Passenger car, body and materials 
meeting to be held at the Sheraton- 
Cadillac Hotel, Detroit, Mich. Ad- 
ditional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 


Mar. 17-18— 

Steel Founders’ Society. Annual 
meeting to be held at the Edge- 
water Beach Hotel, Chicago, IIl. 
Additional information may be ob- 
tained from society headquarters, 
920 Midland Bldg., Cleveland, O. 
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Design Abstracts 


(Continued from Page 176) 


in nonsoap zZelling agents for 
greases, and this trend has been 
accelerated by a threatened short- 
age in lithium soaps due to an in- 
creased demand by the Armed Serv- 
ices for lithium-soap greases. New 
gelling agents for greases that have 
been particularly interesting are 
colloidal silica, coated bentonite, 
copper phthalocyanine, various spe- 
cial forms of carbon black, and 
coated silica; and the most recent 
arrival in this field is treated Atta- 
pulgite. 

The advent of these new gelling 
agents has brought new problems. 
Both silica and bentonite when un- 
coated were too sensitive to the 
presence of water to be useful in 
many applications of greases. That 
difficulty was cured by coating the 
particle with a _ water - repellent 
film; however, the resulting greas- 
es were deficient in rust preventive 
properties. When polar-type rust 
inhibitors were added to these 
greases, there resulted a decrease 
in the effectiveness of the gelling 
agent and in the heat stability. 
Also, the water-repellent films on 
the particles of the gelling agents 
appear to oxidize gradually at 250 
F or higher, and the greases grad- 
ually become hard and caked. Such 
difficulties still limit the applica- 
tions of these greases at high tem- 
peratures. 

Represented in bar chart form 
in Fig. 1 are the temperature 
ranges of operability for the more 
useful of the greases developed in 
the past 10 years from synthetic 
oils and the newer gelling agents. 
Some of the gains obtained by di- 
esters or diester-petroleum blends 
and lithium or other soaps are 
shown in the lower half of Fig. 1. 
Petroleum-base products, which 
were useful around 250 F and also 
at —20 to —40 F, were of very lim- 
ited value at —65 F. Others use- 
ful at —65 F were of little value 
above 175 F. In contrast, greases 
made from diesters, or from di- 
esters containing a minor propor- 
tion of petroleum, have excellent, 
long-life, performance characteris- 
tics over the temperature range 
from 250 to —75 F in some in- 
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CAMBRIDGE INDUSTRIAL WIRE CLOTH 








#1. Some manufacturers assign only one operator 


have a specially trained operator for every single 


« II ss 
rep to as many as ten looms. But here at Cambridge, we 
O 


~y loom in the plant. Just a little difference . . . but a 


BIG advantage in accurate mesh count and constant 
screen width. 


#2. Some wire cloth producers can work in only a 
certain few metals or in a limited range of mesh 
sizes. Here at Cambridge we can weave cloth from 
any metal that can be drawn into wire...our range of 
sizes runs from 20 x 250 mesh up to 4 inch openings 
...a BIG advantage for customers with varied needs. 


#3. Some manufacturers are not equipped to fabri- 
cate wire cloth into special forms, for example, filter 
leaves. But here at Cambridge, we can supply wire 
cloth in bulk or in practically any type of fabricated 
part ...aBIG advantage that saves you time and 
money by providing one source for both weaving 
and fabrication. 


These are just a few reasons why it will pay you to investigate 
Cambridge for your wire cloth needs. Call in your Cambridge 
Field Engineer to get the full story . . . and he’ll gladly quote 
on your next order. Write direct or look under “Wire Cloth” 


in your classified telephone book. 
FREE CATALOG! Gives full range of mesh sizes and types of 





OFFICES 


cloth available from Cambridge, also valuable 
metallurgical data. Write for your copy today. 


The Cambridge Wire Cloth Co. 


METAL +++ SPECIAL 
CONVEYOR+——+ METAL 
BELTS ume a -¥-1,4167- Wile), b) 
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iN PRINCIPAL 





Department N 

Cambridge 1, 

Maryland 
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coil-itis 
have your 


processing 


off its feed? 









PLATECOILS ELIMINATE 
A 6-TO-8 HOUR-A-DAY 
CHIPPING JOB 











256 





tank production 





When the appetite for work 
of your heating and cooling processes 
diminishes, the trouble may well be coil-itis. For, 
downtime due to pipe failures and limitations can 
seriously delay your production flow. Switch to Platecoils, the 
new tonic for production, as revolutionary as the new 
wonder drugs. Platecoils take 50% less tank space leaving more 
room for greater payload. They heat or cool 50% faster. 
They simplify maintenance and save hours of downtime. 
Equally important, Platecoils cost as much 
as 50% 
Platecoils cure production troubles involving heat 
transfer and give production a shot in the arm. 


PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 
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less in the first place. 


Write for Bulletin P71 today! 


At Sealed Power Corp., installation of 
Platecoils has completely eliminated a 
6-to-8 hour-a-day chipping job. Three 
Platecoils now heat a tank that pre- 
viously took 4 pipe coils. Ask about 
other case histories. 


als 

ws 
Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, KOLD-HOLD MANUFACTURING CO., LANSING 4, MICHIGAN 








BLATECOIL 


REPLACES PIPE COILS 


| 
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stances and from 250 to —100 F in 
others. Furthermore, the former 
group of ester-base greases have a 
more limited, but useful, service 
life at 300 F as indicated by the 
darkened area at the right end of 
the bar chart. 

In the upper half of Fig. 1 are 
given the temperature ranges for 
the new, synthetic, high-tempera- 
ture greases. The large gains at 
both extremes of temperature re- 
sulting from the development of 
the lithium soap-silicone greases is 
evident in the horizontal bar from 
the top. Earlier AN-G-5A petro- 
leum greases were useful from 
—50 to 300 F with a more limited 
life up to 400 F. The phthalocya- 
nine gelling agents have greatly 
widened with the temperature 
range of greases in general, wheth- 
er they are made from silicones, 
diesters, fluorocarbons or petro- 
leum. Fig. 1 also shows the gains 
made possible by gelling silicones 
with copper phthalocyanine. When 
the silicone liquid used is a methyl- 
phenyl silicone, the temperature 
range possible is from —20 to 450 
F, and a more limited life is ob- 
tainable at 500 F. Long operation 
in ball bearings at temperatures 
much above 250 F requires the use 
of specially made bearings. When 
the methy] silicone liquids are used, 
the resulting phthalocyanine greas- 
es are useful from — 100 to 400 F, 
and they have more limited useful- 
ness at 450 F. 


Future Holds Promise 


Continued progress can be pre- 
dicted in the improvement of prop- 
erties of greases such as their work 
and storage stability, their resist- 
ance to oxidation, and their tem- 
perature range of operation. Wider 
temperature ranges, and much 
longer storage and operating lives 
in grease lubricated systems can be 
expected with the adoption of prop- 
erly manufactured greases made 
from synthetic oils. Indicated im- 
provements in greases, antifriction 
bearings, and in the end-bell design 
of electrical motors will make it 
possible to approach much closer to 
the engineers’ goal of lifetime lu- 
brication for equipment operating 
in the temperature range of —65 
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to 250 F. At operating tempera- 
tures of 300 F the relubrication in- 
tervals will eventually be length- 
ened to 5,000 hours, while at 450 F 
it will be at least 1,000 hours. The 
increased cost of such new greases, 
and the necessary bearings to be 
used with them, should be more 
than justified by the resulting im- 
proved performance and the de- 
creased cost of maintenance and 
repair. 

Recent Applications: With the 
advent of gas-turbine-powered air- 
craft during World War II, better 
lubricants were soon needed to 
make the most of the performance 
capabilities of these new engines. 
Since the military value of turbojet 
engines was in their rapid rate of 
climb and their high speed, a lubri- 
cant was needed which would be 
sufficiently fluid to permit starting 
at subzero temperatures without 
dilution or the use of heaters. It 
was also necessary to retain enough 
viscosity at engine operating tem- 
peratures to support large bearing 
loads. In combat, extremes of tem- 
perature frequently range from 
—65 F (or lower) to main bearing 
temperatures in flight of from 285 
F to as high as 400 to 500 F soon 
after engine shutdown. The upper 
temperature is caused by heat flow 
to the bearing, which had been 
largely dissipated in flight. Hence, 
the oil had to be unusually stable 
to heat and oxidation. Low vola- 
tility at elevated temperatures was 
essential, since evaporation of the 
oil was increasing oil consumption 
and was leaving the bearings un- 
lubricated after shutdown. Fur- 
thermore, evaporation of the less 
viscous and more volatile fractions 
in some oils increased the viscosity 
of the residual oil and increased 
the power required for low tem- 
perature starts. 

The first lubricants used in gas- 
turbine-driven aircraft were petro- 
leum oils. Much lower viscosity 
grades were adopted a few years 
after World War II; resulting vis- 
cosity grades 1010 and 1015 were 
listed in 1947 in specification AN- 
O-9 and again in 1950 in MIL-O- 
6081. Since grade 1015 oil had a 
pour point of only —50 F and a vis- 
cosity of 20,000 centistokes at — 45 
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THE ANSWER TO YOUR 


UNUSUAL materiat prosiem 
coup BE FELTERS FELT 


You can get Felters Felt soft enough Wi 
to line a case for the crown jewels: . 
or hard enough to work as a bearing material. 
Asa matter of fact, it can be hard enough to be 

5 Vee turned , chiseled, skived or 


tot without a 












in the full range from black to white. 
And well ship it in any form you like: 
rolls, strips, square yardage or precision. 
cut parts. 
Whats more you can expect that old-time 
ind of good delivery and service 
when you do business with Felters. 


CLIP AND MAIL THIS COUPON 
® TODAY! 












The FELTERS COMPANY 


Manufacturers of Unisorb for Machine Mounting 
218-MD SOUTH STREET, BOSTON 11, MASS. 


Gentlemen: Please send me details on Felters Felt and Felters 
Precision Cut Felt Parts. | have the following material problem: 





















Machine it or blank it... 
Make one part or millions ... 


Insure closer tolerances... 


LYPENCO 


NYLON and TEFLON 


rod, strip or tubing 
means economical design ! 





Now you can get the benefits of Nylon 
or Teflon and save the delay and cost 
of making molds as well. And by 
specifying Polypenco you can be sure 
of exceptionally good quality and 
uniformity because both of these modern 
materials are produced under rigid 
control— 100% inspected and tested 
from start to finish. What precision 
jobs have you got for... 


POLYPENCO Nylon 


the tough material that gives you a unique combination 
of abrasion resistance, impact strength and durability in use, 
Offers excellent machinability 


POLYPENCO Teflon’ 


. . the chemically inert material widely used for applications 
where resistance to heat, moisture, and chemicals is essential. 
Offers stable electrical properties over a wide frequency and 
temperature range. 


We'll supply Polypenco Nylon and Teflon 
from stock and show you how it is fabricated 
most economically ...or fabricate it for you. 
For further information write: 


*Trademark of E. I. DuPont Corp. 





of Pennsylvania 
ROD Reading, Pa. 


Canadian Representative: C-H Engineering Company 


Montreal, Quebec and Toronto, Ontario 


POLYMER CORPORATION | 
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F, it was unsuitable for most mili- 
tary aircraft. It was evident soon 
after World War II ended that such 
lubricants as the diesters, and pos- 
sibly the doubly chain-stoppered 
polypropylene oxides, when used 
either alone or in mixtures could 
extend greatly the temperature and 


altitude range of turbojet-powered 


aircraft. Not only had these di- 
ester oils larger viscosity indices 
but also much smaller viscosities 
and volatilities at —65 F than 
grade 1005 oils. In fact, some di- 
ester oils have the viscosity at 210 
F of grade 1010 oil, at —65 F of 
grade 1005 oil, and yet they are 
able to satisfy the specification re- 
quirements of grade 1010 oil relat- 
ing to flammability and volatility. 


Additives Widen Service 


One requirement of the Armed 


| Services was that a single specifi- 


cation should care for a lubricant 
for turbojet engines as well as for 
the reduction gear systems of tur- 
boprop engines. Gear tests proved 
it was necessary to incorporate an 
additive in the diester oil in order 
to support the high unit loads de- 
veloped. Many of the conventional 
types of additives could not be used 
because the same gear oil had to lu- 
bricate the antifriction bearings of 
the turbine and the supporting 
bearings of the gears. Tricresy] 
phosphate was the first acceptable 
wear preventive found which would 
increase the load carrying capacity 
of diester oils without corroding 
bearings or causing deposits. How- 
ever, its adoption considerably 
raised the viscosity at —65 F. 
This led to the adoption of speci- 
fication MIL-L-7808 for a synthetic 
lubricating oil for gas-turbine-pow- 
ered aircraft engines. It is inter- 
esting to compare the requirements 


| of grade 1010 petroleum oils with 


those of MIL-L-7808. The ester oil 
is slightly more viscous at 210 F 
and also at 100 F; yet it is only 
one-third as viscous at —65 F. The 
flash point of the ester oil is 150 F 
higher than that of 1010, and yet it 
is only 1/80 as volatile. In prepar- 
ing this specification, there was 
some doubt about the completeness 
of present knowledge of how to 
specify such radically different air- 
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Base Mounted Leg Mounted 
CLAMPAIR CYLINDERS 


Schrader ClampAir Cylinders are available 
either base or leg mounted, in 1“, 2%" and 
3” diameters delivering a 2” or 1” stroke. 
A wide selection of Schrader Valves is avail- 
able, too, to operate ClampAirs. 











Schrader 


products 





Watch a worker making ready for a 
simple drilling operation. He places 
the work in a fixture and hand-clamps 
it. With everything all set to go, you'll 
find he takes as much as ten seconds 
just to grip the work tightly in the 
clamp. , 

Multiply that by thousands of ma- 
chine operations. You'll find a sub- 
stantial portion of work time is used 
up before actual production begins. 

You can eliminate nearly all of this 
lost time with the new Schrader 
ClampAir Cylinder...with no more 
effort than opening a valve. 

The ClampAir—actually a bantam 
air cylinder—has plenty of power to 


hold work firmly—with the same force 
every time. No more rejects from un- 
even holding forces! 

ClampAir will serve you well on 
drill presses ... milling machines... 
gluing operations—and scores of other 
places all over the shop. In all of 
these, production can be boosted with 
ClampAir. And remember — since 
ClampAir is basically a push-type air 
cylinder, you can use it any time you 
need a short, hard stroke. 

It’s easy to find out how ClampAir 
can increase production and worker 
efficiency. Write, outlining the appli- 
cations in which you are interested— 
or fill out the coupon below. 


Mail This Coupon Today 





REG. U. S. PAT. OFF, 











Air Cylinders * Operating Valves ° 
Press & Shear Controls * Air Ejection 
Sets * Blow Guns ® Air Line Couplers * 
Air Hose & Fittings * Hose Reels * Pres- 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube 
Fittings 
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control the air 


A. SCHRADER’S SON 


Division of Scovill Manufrcturing Company, Incorporated 
476 Vanderbilt Avenue, Brooklyn 38, N. Y., Dept. V-5 


| am interested in more information on....... 
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Company 










































@SAVES UP TO 40% 
SPACE WITH NEW 
STREAMLINED DESIGN. 


@ SUPER STRENGTH... 
EXTRA HIGH SAFETY 
FACTOR. 


@ SOLID STEEL HEADS. 


@HEAVY WALL, PRECI- 
SION HONED, HARD 
CHROME PLATED 
SEAMLESS STEEL BODY. 


@ LEAKPROOF CYLINDER 
HEAD TO BODY CON- 
STRUCTION. 


@ RELATIVE PORT POSI- 
TIONS MAY BE RO- 
TATED WITHOUT 
DISASSEMBLY OF 
CYLINDER AND LOCKED 
IN DESIRED POSITION. 


@ HEAVY DUTY, HI- TEN- 
SILE, HARD CHROME 
PLATED PISTON ROD. 


37 YEARS 
EXPERIENCE 






Wany Wore Advanced Features! 
TOMKINS-JOHNSON 


RIVITORS: AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 





CIRCULAR HEAD 


” 


WITH TIE RODS / 
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SQUARE HEADS WITH TIE RODS / 
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/ 


SPACE 
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/ 
CX 
| a, Af ananesenneineneenend 


SAVED 
T-J SPACEMAKER .. . provides additional room for 
adjacent equipment without sacrificing strength. 























Streamlined construction of the new T-J 
Cylinders eliminates tie rods... reduces 
head size... and saves up to 40% in 
mountiag space!, In addition, a new high 
in strength is achieved with solid steel 
heads and heavy wall seamless steel body 
. . » leakproof construction . .. extra 
high safety factor. 

Cylinder walls are precision honed 
and hard chrome plated for long-life 
efficiency. Available with the new T-J 
Super Cushion Flexible Seals which in- 
sure positive cushion with automatic 
valve action for fast return stroke. Many 
standard sizes and styles . . . both cush- 
ioned and non-cushioned . . . for wide 
range of pushing, pulling, lifting, clamp- 
ing or control jobs. T-J dependability. 
Fast delivery to meet rush requirements. 
Write for bulletin 8152. The Tomkins- 
Johnson Co., Jackson, Mich. 






FD 
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craft engine oils. Hence, the de- 
vise was used of citing in the new 
specification the chemical composi- 
tion of a reference oil which would 
be used to establish any changes in 
the specifications that service ex- 
perience should make necessary. 
Unfortunately, many people have 
misunderstood this point and have 
assumed that the Armed Services 
were departing from their tradi- 
tional use of performance speci- 
fications for materials. As more 
efficient antiwear agents are found, 
and as the availability of the newer 
esters increases, it may become pos- 
sible to lower the maximum per- 
missible viscosity at —65 F consid- 
erably below the present specified 
value of 3,000 centistokes. The re- 
quirements of MIL-L-7808 are by 
no means as severe as laboratory 
data indicate they could be, and 
many synthetic esters exist which 
are capable of surpassing the speci- 
fied viscometric characteristics. 
However, the present specification 
was based on the immediate avail- 
ability of a few of the aliphatic 
diesters. 


Maintenance Reduced 


Another important application of 
synthetic oils and greases is in the 
lubrication of aviation instruments. 
During World War II there was 
much iifficulty with the gyros used 
for aviation and fire control, and in 
some extreme instances it was nec- 
essary to overhaul them after 50 
hours of flight. In general, the in- 
troduction of the synthetic oils or 
greases has greatly decreased the 
lubrication difficulties encountered 
in aviation and ordnance gyros. 

One of the most interesting of 
the postwar applications of syn- 
thetic tailor-made lubricants has 
been in the lubrication of automatic 
weapons such as aircraft cannons 
and machine guns. The synthetic 
ester oils have been found so ef- 
fective for lubricating these es- 
sential mechanisms over the tem- 
perature range —70 to 150 F that 
they are now specified by the Navy 
(MIL-L-17353 BuOrd) and are sup- 
plied by several producers. The di- 
ester greases have also been found 
ideal for lubricating the feeder 
mechanisms. Some of the esters 
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LET US SEND YOU MORE FACTS OR 
BETTER YET SEND US YOUR SPECIFICATIONS 
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so etake the question 
transverse flexibility 


"TRANSVERSE flexibility refers to the ease with 
which a flexible shaft lends itself to bending. As the 
illustration shows, three shafts of equal diameter, 
and similar in outward appearance, can be made with 
widely differing degrees of transverse flexibility. The 
design, construction and material used account for 


the differences. 


Extensive research and product development has en- 
abled S.S.White to establish standards for a wide 
range of flexible shaft characteristics. These stand- 
ards are strictly maintained in production to assure 
you of getting the characteristics you specify—an 
important factor in determining the success of any 


flexible shaft application. 


Take advantage of the help and assistance of expe- 
rienced S.S.White engineers in working out your 
flexible shaft applications. They are trained to 
KNOW the differences in flexible shafting and are 
well qualified to recommend the flexible shaft com- 
bination best suited to your needs. Their coopera- 


tion entails no obligation—so call them in today. 


WRITE FOR THIS 256-PAGE 
FLEXIBLE SHAFT HANDBOOK 
It has complete information on how to 


select and apply flexible shafts. A copy 
will be sent free if you ask for it on your 
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listed in TABLE 3 have been used 
widely in the past year, others are 
of promise, and many more equiv- 
alent materials have been synthe- 
sized. Although these light-grade 
oils were developed specifically for 
various military applications, they 
should be valuable jin lubricating 
a much wider variety of mechan- 
isms which must be operated at 
subzero temperatures or with very 
limited power at ordinary tempera- 
tures. 

Undoubtedly, the use of the new 
synthetic lubricants can be expect- 
ed to broaden and become increas- 
ingly valuable to the engineer. 
Probably some of these materials 
will one day become commonplace 
in the shop and home for the lubri- 
cation of familiar mechanisms 
varying from electric motors, sew- 
ing machines, fans and typewriters 
to locks, sportsman’s rifles, and 
fishing reels. 

From a paper entitled “Engineer- 
ing Possibilities of Synthetic Lubri- 
cants” presented at the SAE Na- 
tional Fuels and Lubricants Meet- 
ing in Tulsa, Okla., November 1952. 


Electric Analogies 
for Beam Analysis 


By Stanley U. Benscoter and 
Richard H. MacNeal 


California Institute of Technology 
Pasadena, Calif. 


N RECENT years, progress has 

been made in the development 
of applications of electrical-circuit 
analogies to problems in structural 
analysis. Many solutions of such 
problems have been obtained on an 
analog computer. A number of 
papers have also been written in 
which the electrical analogies for 
various problems have been pre- 
sented. These papers have been 
written mainly by electrical engi- 
neers and have assumed the reader 
to be reasonably familiar with cir- 
cuit theory. Consequently struc- 
tural engineers have found some 


business letterhead. 
difficulty in appreciating and eval- 


ofe 
o - | 
ne cihae movsrniat DIVISION | 
uating this new method of analy- 


DENTAL MFG. CO. Dept. 4, 10 East 40th St. 
-}—_ NEW YORK 16, N. Y. | sis. In this report, the design of 
| the electrical circuits is explained 
Western District Office * Times Building, Long Beach, California | without assuming any knowledge 
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of circuit theory on the part of 
the reader. 

From a mathematical viewpoint 
the theory of circuit analogies has 
not been fully developed. Ques- 
tions of existence and uniqueness 
remain yet to be answered. From 
an engineering standpoint the pro- 
cedure for designing a _ circuit 
which is analogous to a given 
structure is at present dependent 
to some extent upon the ingenuity 
of the designer. It would be desir- 
able to have available a set of rules 
defining a standardized design pro- 
cedure which could always be de- 
pended upon to give a _ correct 
analogous circuit for any given dif- 
ferential equation. However, no 
such rules have been developed. 


Circuit Equations 


To develop an electrical analogy 
for the action of a beam under 
load it is necessary to replace the 
differential equations which govern 
the stresses and deflections by dif- 
ference equations. The relations 
between voltages and current in an 
electrical circuit may also be ex- 
pressed by difference equations. 
An analogous electrical circuit for 
a beam is one in which the volt- 
ages and currents are related by 
difference equations which have a 
form identical to that of the struc- 
tural equations, including the 
boundary conditions. When such 
a circuit is designed and construct- 
ed, the physical circuit, with its 
components, is called an analog 
computer. It might also be called 
an electrical simulator or even an 
electrical model. 

Several principles have been 
found to be useful in a large num- 
ber of circuit designs and these 
will be stated briefly. Exact lim- 
itations upon the usefulness of the 
principles are not known. 

The first principle is that the 
equations governing the action of 
the structure must be expressed as 
difference equations with respect 
to the space co-ordinates. If the 
stresses or deflections are governed 
equations these 
equations must be replaced by dif- 
ference equations. 

The two quantities which are 
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available in an electrical circuit are 
voltages and currents. The two 
types of quantities which occur in 
structural analysis are force quan- 
tities and displacement quantities. 
Two general methods can be used 
in designing analogous circuits. In 
one method the voltage drops 
across various elements of the cir- 
euit correspond to forces and the 
eurrents correspond to displacement 
quantities. In the second method 
the voltages at nodal points corre- 
spond to displacement quantities 
and the currents correspond to 
force quantities. The second meth- 
od has been found to be more ef- 
ficient on an analog computer for 
beam and plate analogies and has 
been employed throughout this re- 
port. 


Energies Must Balance 


Another simple principle can be 
stated for circuits with passive ele- 
ments—inductors, resistors, capac- 
itors, and transformers. In many 
cases it is possible to determine 
the correspondence between cur- 
rents and force quantities after the 
correspondence between voltages 
and displacements has been as- 
sumed. Whenever the voltages at 
either end of a circuit element both 
represent the same type of dis- 








placement quantity, the product of | 


current and the drop in voltage 
across the element must corre- 


spond to a true structural energy 


quantity (or derivative or integral 
with respect to time of a struc- 
tural energy quantity). The struc- 
tural energy quantity may be 
either internal strain energy or ex- 
ternal work. 

In the equations which govern 
the structure there are three types 
of relations involved. Forces are 
related to forces from equilibrium 
conditions. Forces are related to 
displacements from an application 
of Hooke’s law. Displacements are 
related to displacements from geo- 
metric conditions of continuity. 
The equations of the electrical cir- 
cuits involve three corresponding 
types of relations. Currents are 
related to currents from Kirch- 
hoff’s nodal law which states that 
the outflow of current at a node 
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When it comes to 


‘Takloni PACKINGS and GASKETS 


come to Garlock...manufacturers 
of mechanical packings 


since 1887 





Above—A few of the wide variety of TEFLON packings 
and gaskets manufactured in the Garlock factories. 


GARLOCK pioneered in the design and manufacture of 
packings and gaskets made of Terton. Garlock products 
made of TEFLON are unaffected by acids, organic solvents and 
other chemicals at operating temperatures from below —90°F. 
up to 500°F. These packings and gaskets are ideally suited 
for many other applications due to TEFLon’s low coefficient 
of friction. 

We have the facilities to mold, machine, or form TEFLON in 
a wide variety of shapes and sizes for packing and gasketing. 
When you need finished TEFLON parts contact your Garlock 
representative or write for our TEFLON Catalog. 





THE GARLOCK PACKING COMPANY 
PALMYRA, NEW YORK 
In Ce.sada: The Garlock Packing Company 
of Canada Ltd., Toronto, Ont. 


*The DuPont Company's Trademark 


GARLOCK | 


PACKINGS, GASKETS, OIL SEALS, | 
MECHANICAL SEALS, | 
RUBBER EXPANSION JOINTS -— | 








Exhaust Fans 
Quieted by 
Vibration Isolators 





The problem of motor and fan noise 
is successfully overcome in the Breidert 
Air-X-Hauster by use of four air-damped 
Barrymounts that support the low-speed 
motor and fan assembly. These isola- 
tors absorb the motor and fan vibration, 
keeping it from reaching building mem- 
bers or metal ducts along which it 
would otherwise be carried or ampli- 
fied. To assure adequate isolation, the 
mountings used were type 990 Barry- 
mounts having a natural frequency of 
only 8 cps. 





Another example of use for Barry- 
mounts in ventilating systems is with 
the high-speed Westinghouse-Sturtevant 
multi-vane, railway car fan. Here they 
isolate fan vibration for quieter opera- 
tion and protect the assembly from the 
shocks incidental to mobile service. In 
this application, type C-2000 Barry- 
mounts were used to provide protection 
against forces applied laterally as well 
as vertically. 


Your vibration or noise problem may 
be solved by a simple application of 
Barrymounts. Ask our Field Engineer- 
ing Department; they'll gladly help you. 
Or write for Catalog 504-B, describing 
Barrymounts for a wide variety of uses. 








SHOCK “VIBRATION 


Miniaturized 
Vibration Isolators 
Help Cut Space 
and Weight in 
Fuel-Gauge Power Unit 





70% size reduction and 50% weight 
reduction — with no loss of periorm- 
ance — is the effective miniaturization 


the new Minneapolis- 

aircraft-fuel-gauge power 
unit. Miniature, air-damped Barry- 
mounts, Type 6465, helped M-H 
engineers in this achievement. 


obtained in 
Honeywell 


These vibration isolators, in which size 
and weight have been cut while oper- 
ating characteristics have been main- 
tained, will help you redesign for 
miniaturization. 

Check these useful features of minia- 
turized Barrymounts. 


Light weight — only 5/16 ounce each. 
Small size — 1” diameter 11/32” loaded 
height. 

Resonant frequency —9 cps 
Transmissibility at resonance — 3 
Wide load range — 0.1-3 pounds 

4 different styles available — for plate 
or stand-off mounting. 

Write for data sheets 605 and 606 giv- 
ing details of dimensions and load 
ratings. 


FREE CATALOGS 


@ 523-A — Aijr-damped Borrymounts 
for aircraft service; also mounting 
bases and instrument mountings. 

@ 509-A — AILL-METL Barrymounts 
and mounting bases for unusual air- 
borne applications. 

@ 504-B — Shock mounts and vibra- 
tion isolators for marine, mobile, 
and industrial uses. 

@ 607 — How to cut maintenance 
costs by using Barrymounts with 
punch presses. 











«BARRY. . 


722 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 
Atlante Chicege Clevelond Dalles Dayton Detroit Los Angeles Minneapolis New York Philadelphia 
Phoenix Rochester St. Louis Sen Francisce Seattle Toronto Washington 
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must equal the inflow. Currents 
are related to voltages from Ohm’s 
law for a resistor and similar laws 
for an inductor or a capacitor. 
Voltages can be related to voltages 
by means of the transformer law. 
Voltage relations are also given by 
Kirchhoff’s mesh law. 

A final principle may be stated 
in relation to the coefficients of 
the equations which govern the 
electrical circuit. For maximum 
simplicity in the process of. solu- 
tion it is necessary to design the 
circuit in such a way that the 
equations governing the circuit 
have coefficients which are inde- 
pendent of the frequency. 

From NACA Technical Note 
2785 (September 1952), “Introduc- 
tion to Electrical Circuit Analogies 
for Beam Analysis.” This report 
contains 48 pages with elementary 
diagrams and equations to illus- 
trate the procedures for designing 
analogous circuits. 


Designing with Nylon 
By Robert Lurie 


Application Engineer 
Chemical Div. 
General Electric Co. 
Pittsfield, Mass. 


AltHoucs nylon is generally 

associated with such decorat- 
ive items as stockings and sweaters, 
its versitility extends well into the 
fields of bearings, gears, and other 
workaday applications. Nylon is 
tough at low temperatures, is re- 
sistant to abrasion, has strength in 
thin sections, is light in weight, has 
certain self-lubricating qualities, 
and is resistant to many chemicals. 
Properties are given in TABLE 1. 
Exact characteristics and specifi- 
cations can be found in the liter- 
ature of manufacturers of nylon 
molding powders. 


Bearing Tests: Results of tests 
using nylon against nylon, steel, 
and brass under various loads and 
speeds show the lowest rates of 
wear are found when nylon is run 
against nylon in a dry condition, as 
well as when nylon is run against 
steel lubricated with SAE 10 oil. 
When nylon is rubbed against 
brass, the metal flakes off and con- 
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Cutaway of Dual-Cooled Type ‘T’ Heavy 
Duty D-c. Motor showing counterflow of 
internal and external cooling air through 
heat exchanger. 


RELIANCE 70/9 






Uly-Enclosed 


for Wider Speed Ranges...Higher Ratings 


New Reliance Dual-Cooled Motors provide 
dependable totally-enclosed, fan-cooled operation 
over wider speed ranges and higher ratings than 
were ever before possible . . . and this is accom- 
plished with floor-space savings of up to 30%! 


Dual-Cooled Motors are completely enclosed... have 
two separate cooling systems operating independ- 
ently of the motor speed. One system circulates 
high-velocity air within the motor, that is cooled 
in the finned inner duct of the heat exchanger. 
This heat is dissipated in the other system by 


RELIANCE 


air sweeping through the fins of the outer duct. 


The Dual-Cooled Motor is especially adaptable 
to Reliance adjustable-voltage V*S Drive and is 
available in ratings from 15 through 150 horse- 
power. Explosion-proof Dual-Cooled Motors are 
available through 100 hp., in conformity with 
Underwriters and Bureau of Mines specifications. 


Whatever your application . . . get further details 
from the nearest Reliance Sales Office... or write 
for Bulletin C-2201. 


ELECTRIC AND & 
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| | Hermetically sealed, for stud mounting, 
~ solder connection. 
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that speaks for itself... 


RELAYS 


Relay reliability is the enviable reputa- 
tion of Automatic Relays for more than 
a quarter of a century! This extra value 
is added protection . . . insurance for 
continued preference for your product 
when you specify AEMCO Relays. 


Automatic Relays are engineered to 
far exceed specifications . .. constructed 
with the care and precision usually as- 
sociated with the manufacturing of 
jewelry ... carefully tested by profes- 
sional ‘fault-finders’! 


Whatever your requirements as to 
size, purpose, Capacity, mounting, open 
or can type with plug-in base... 
there’s an Automatic Relay to meet— 
and exceed—your specifications. 


TIME 
SWITCHES 


Synchronous, self-starting Automatic 
Time Switches aregencased in an at- 
tractive, tamper-proof case with a win- 
dow that affords visibility of trip levers 
and contact position. Standard models 
SPST and SPDT in 10 and 20 amperes 
with and without skip-a-day feature. 
Thirty and forty-five ampere models 
available in single and double-pole sin- 
gle throw;—or twin type consisting of 
two sections of either single or double 
pole contacts for additional capacity or 
independent circuits. All models have 
easily set, new type trip levers that per- 
mit ON and OFF settings as close as 15 
minute intervals. 


If it’s dependability you want, you'll 
be ahead to switch to Automatic Time 
Switches. Get all the facts. You can 
expect, and get, more of the features 
you want and need when you get Auto- 
matic! 


WRITE TODAY for complete information specifying 
types of units in which you are interested.. 





64 STATE STREET - MANKATO, MINN. 
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taminates the bearing surface. 
Rate of wear is greatest at the 
start but tapers off with further 
operation. The reason is that after 
the surface of the nylon is glazed 
more intimate contact is estab- 
lished, with a resultant decrease in 
unit pressure. This rate of wear 


Table 1—Properties of Molded 








Nylon 
(FM-10001) 
Property Value 

Tensile strength, 70 F..... 15,700 psi 
BO Besecs 10,900 psi 
ere 7,600 psi 

Elongation, 70 F.......... 1.6% 

WE Bisscsesx Be 
|: 320% 


Modulus of elasticity 77 F 400,000 psi 


Flexural strength, 77 F... 14,600 psi 
Creep in flexure* ......... 90 
Hardness, Rockwell ...... R118 
Flow temperature ........ >480F 


Thermal conductivity ..... 1.7 Btu/hr/sq/ft/ 
F/in 


Heat distortion temp, 264 psi 150 F 
Volume resistivity ........ 4.5 x 10% ohm-cm 
Dielectric constant,60 cycles 4.1 


Power factor, 60 cycles... 0.014 
Water absorption ........ 1.5% 
Specific gravity .......... 1.14 





*Mils deflection in 24 hours of a % x %- 
inch bar 4-inch span, center-loaded flatwise 
to 1000 psi, minus the initial deflection. 


appears to reach a minimum after 
about 0.001 to 0.002-inch of surface 
is removed. In contact with steel 
or brass, this figure represents the 
amount of nylon that will be re- 
moved in smoothing the metal to 
prevent further wear. The coeffi- 
cient of friction decreases during 
the first few hours of operation 
and then remains constant; at the 
same time the rate of wear be- 
comes practically negligible. 

When nylon is rubbing against 
steel, the limiting load is 550 psi 
without lubrication. Water lubrica- 
tion will increase this limiting load 
91 per cent; SAE 10 oil will in- 
crease it 182 per cent. 

Wall thickness greatly influences 
the life of a bearing. For instance, 
tests showed that a bearing having 
a wall thickness of 0.125 inch failed 
after 240 hours of operation. It 
melted. This bearing was operated 
at a rubbing speed of 525 fpm, un- 
der a 220-psi load, and lubricated 
with SAE 10 oil. Another bearing, 
tested under the same conditions, 
but having a wall thickness of only 
0.020 inch showed no sign of failure 
after 360 hours of operation. Re- 
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THE NEW LOW COST 


JOHNSON CLUTCHES 


an addition to the MAXITORQ line 





The Johnson 350 and 450 Single Disc Clutches are the newest addi- 
tions to the Carlyle Johnson line... fitting companions to the Maxitorq 


multi-disc series. 


They are ideal for light machinery service to 6 H.P. Several driving 
combinations are available, including V-belt. Far greater capacity at low 
cost is provided. (See column at right for typical applications.) They have 
the same “floating disc” principle as the Maxitorq Clutch... discs that 
ride free in neutral . .. no drag, no abrasion, no heating. A simple hex-key 
frees the knurled ring for easy manual clutch adjustment. Machine designers 
will find the solution to many problems with this new Johnson Clutch. 


Send for Bulletin 
#250—MD-1 
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SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 

Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-Offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small), Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
“V” Belt Drives, Vegetable Sorters. 


Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 


Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-Off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 


Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 
engineers and machine designers to develop 
the correct solution of your power transmis- 
sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 
chester, Conn. , 
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Arkwright Tracing Cloths a 
you do your best work more easily. 
Arkwright cloth saves time. There’s never 
a pinhole, uneven yarn or other imperfection 
to slow you down. 


Arkwright cloth saves trouble. You can 
draw over erasures time and again and not 
have an ink line “feather”. 


Arkwright cloth saves money. If needed, 
you can get clean, ghost-free reproduction 
from a drawing years after you make 
it—years after paper or inferior cloth would 


have turned brittle and opaque with age. ‘ as 
PENCIL 
CLOTH 


ClLorn 


Wouldn’t you like to see for yourself 
why Arkwright Tracing Cloth is best? WH —— 
Write for samples to Arkwright Finishing = TRACING 
Co., Industrial Trust Bldg., Providence, R. I 3 7 — 


ARKWRIGHT | 
Thacirg Ulethd | 


AMERICA’S STANDARD FOC 
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sults were the same when water 
was used as a lubricant or when 
no lubricant at all was used. The 
advantage of a thin-walled bear- 
ing is that the heat of friction is 
more rapidly dissipated than with 
a heavier bearing where the nylon 
acts as an insulator. 


Gear Design: Where speeds or 
loads may be excessive, considera- 
tion must be given to the low heat 
conductivity of nylon, namely, 1.7 
Btu per hour per square foot per 
degree per inch. Allowance must 
also be made for heat dissipation; 
otherwise the nylon will soften and 
deform because of a heat build-up. 
Developmental gears have been 
made with nylon around a copper 
insert to facilitate conduction of 
heat away from the gear-tooth 
area. Thus, in the more critical 
gear designs the problem of heat 
dissipation is minimized, and at the 
same time the beam strength of 
the gear is increased. 

The horsepower transmitting ca- 
pacity of a nylon gear can be de- 
termined through the use of the 
Lewis formula, usually found in 
any standard handbook for mechan- 
ical engineers. In the Lewis formula 
the safe working stress is the prod- 
uct of the static stress factor and 
velocity factor. In gear work, 
nylon has been assumed to have 
a conservative figure of 6000 psi as 
a static stress factor. The velocity 
factor for nonmetallic gear mate- 
rials, such as nylon, has been 
worked out by the Massachusetts 
Institute of Technology, and is 


150 


K, = ———__ + 0.25 
200 + v, 


where K,, is the velocity factor 
and v, is the pitch line velocity. 

The Lewis formula was originally 
derived for rigid metal gears where 
slight inaccuracies of tooth form 
and spacing create high dynamic 
loads that must be sustained by 
a single tooth. Under load condi- 
tions, however, the resiliency of 
nylon may allow contact of two 
or more teeth. Consequently, re- 
sults obtained from this formula 
are conservative. 


Other Applications: Nylon mold- 
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This is a locomotive gas turbine mid-frame. 
As a fabrication it consisted of a number of 
steel castings and rolled plate components. 


Conversion to the rather intricate steel cast- 
ing called for considerable ingenuity; also 
close cooperation between the engineering 
department and steel foundry. 


In addition to reducing the cost 50%, redesign 
to a steel casting (1) resulted in a far superior 
product (2) cut production time two-thirds 
(3) substantially reduced the weight of com- 
pleted structure (fabricated mid-frame shown 
is not completed to the same point as the steel 
casting) and (4) improved appearance. 


* * * 


Here is another example of the engineering 


teamwork in design and redesign of parts 
whichis resulting inlower costsandimproved 
serviceability with steel castings. 


This service is offered without cost or 
obligation. It makes available through your 
foundry engineer the full results of the 
development and research program carried 
on by the Steel Founders’ Society of America. 


Keep The Scrap Coming Back... 
There is a continuing need for steel scrap. Your 
company can help maintain the high production 
of all metal products by getting your scrap into 
the hands of your scrap dealer. Will you do what 
you can to help... now? 


SOCIETY OF AMERICA 


Cleveland 15, Ohio 


STEEL FOUNDERS’ 


920 Midland Building 
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CONTROLLED 
TIMER 


at a price you can 
afford 


Practically non-breakable, Dura- 
kool Pre-set Timer Relays have 
more than proved themselves on 
the roughest and toughest jobs 
that could be found. Year by 
year, their use increases in sensa- 
tional fashion. 

Controlled time available from 
.15 to 20.0 seconds in either nor- 


See telephone directory for local dis- : j 
tributor or write 


mally open or normally closed * No false contacts 
actions, 3 to 4 week delivery. No -%& No chatter 
waiting. Your production schedule X= Quiet in operation 
is met. * 


Eliminates double contacting os 
or breaking of circuit a. 


PRE-SET, TAMPER-PROOF 
TIMING 











pcs E 





DURAKOOL, INC., Elkhart, Indiana 
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Coniflex* type 
bevel gear, 
used in lift truck 


confidence in us. 
Herringbone 


Internal 
*Coniflex Bevel ‘ : 
craftsmen. So wire, write or call. 
Spiral Bevel 


*R 
Spline Shaft eg. U. S. Pat. Off. 








Wooster Pike and Mariemont Ave. 
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ALL-STEEL 
Tapeh 
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Ever know a customer of The 
Cincinnati Gear Company who 
was anything but satisfied? 


Spur That's because we stand behind our products. 
Helical lf there was ever an order not right—we made it 
—— right. And that’s why customers everywhere have 


We would like to work with you too. If you have a 
gear problem, talk to us about it. Since 1907 we 
have been delivering quality gears made by expert 








~ THE CINCINNATI GEAR COMPANY 


"Gears... Good Gears Only”’ 


e Cincinnati 27, Ohio 
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ings offer substantial savings. As 
a specific example, a pound of 
nylon, although 2.5 times as ex- 
pensive as a pound of bronze, is 
only 0.133 as dense. Resultant 
saving on material is therefore, 66.8 
per cent. Also further economies 
can be realized when the cost of 
injection molding versus machining 
operations is considered. 

The translucence of thin sections 
of nylon, plus its ability to with- 
stand shock, make it especially ap- 
plicable to problems of illumina- 
tion. A noteworth property of ny- 
lon is its ability to damp mechan- 
ical vibrations with a consequent 
reduction of noise. This same prop- 
erty is being utilized jn sound-rec- 
ording and motion-picture equip- 
ment. 

The “conformability” of nylon— 
that is, its ability to deform slight- 
ly to absorb shock—makes it the 
choice for gears and other applica- 
tions where impact loading is en- 
countered. This property of con- 
formability enables nylon gears to 
satisfactorily mesh with metal 
gears and to “iron out” any irreg- 
ularity that may be present in gear 
teeth. 

Nylon has been successfully ap- 
plied as coil forms, pulleys, screws, 
valve seats, washers, pump impel- 
lers, and hydraulic needles. It con- 
tinues to find use wherever tough- 
ness, abrasion resistance, strength 
in thin sections, and chemical re- 
sistance are required. 

From an article entitled “Nylon 
for Bearings and Gears” appearing 
in the July 1952 issue of the Gen- 
eral Electric Review. 


Statistical Nature 
of Fatigue 


By E. Epremian and R. F. Mehl 


Carnegie Institute of Technology 
Piitsburgh, Pa. 


F THE many ways in which 

metals can fail under the ap- 
plication of loads, fatigue is prob- 
ably the most widespread and im- 
portant. Any mechanical part 
which undergoes vibration, rota- 
tion, or reciprocation can suffer 
fatigue failure, and it has been re- 
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You don’t need to bolt machines down! 


Put them ” Viti. Mount Felt and Sab Your Fours / 
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In most cases machines placed on Vibra-Mount 
Felt do not need to be bolted down. The strong 
Vibra-Mount adhesive between felt and floor and 
felt and machine holds firmly, preventing 
“‘walking.”” This method of mounting is simple, 
fast, and inexpensive. And there is a great big 
plus value in reduction of vibration, as much as 
85%! Save your floors, lessen machine down- 
time, stop shaking employees and machines. 
When installing new machines or relocating your 
present equipment, use Vibra-Mount Felt. Simple 
details and further information will be found in 
the booklet ‘““How to Reduce Vibration.”’ Write 
for it on your company letterhead. 







American felt 
Company 


GENERAL OFFICES: 
22 GLENVILLE ROAD, GLENVILLE, CONN. 


SALES OFFICES: New York, Boston, Chicago, 
Detroit, Cleveland, Rochester, Philadelphia, 
St. Lovis, Atlanta, Dallas, San Francisco, Los 
Angeles, Portland, Seattle, San Diego, Mont- 
real.—PLANTS: Glenville, Conn.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; 
Westerly, R. 1.—ENGINEERING "AND RE- 
SEARCH LABORATORIES: Glenville, Conn. 


TRADE MARK 
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In the new RMB FILMOSEAL bearing, a 
capillary film of oil forms between cylin- 
drical washer (A) and the tapered 0.D. of 
inner race (B). This strong film of oil seals 
the bearing — keeps the lubricant in, 
keeps dirt out — yet there is no rubbing 
contact between the sealing elements. 


The FILMOSEAL bearing thus has all the 
advantages of a sealed bearing, plus the 
freedom of rotation of an open bearing: 


@ Permits the use of oil instead of 
grease as a lubricant. 


@ Low starting and running torque. 

@ Torque constant over long periods. 
®@ Adjusts for pressure variations. 

@ No heating or scoring at high speed. 
@ Remains sealed in any position. 

@ Maintenance is greatly reduced. 


FILMOSEAL precision bearings are available 
in 10 bore sizes from 2 mm. (.0787”) to 
8 mm. (.3150”) and corresponding 0.D. 
from 6 mm. (.2362”) to 22 mm. (.8661”). 






WRITE FOR 
COMPLETE 
DESCRIPTIVE 
LITERATURE 


LANDIS & GYR, INC. 
45 W. 45th St., New York 36 
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| ported that 95 per cent of service 
| failures in machine parts are by 
| fatigue. Thus the problem of 
fatigue is of utmost importance to 
| the design engineer who must 
| properly understand and recognize 
involved in this 

type of failure in order to design 
| equipment and machinery for suc- 
| cessful operation. 


Data are Statistical 


The fatigue of metals is of great 
scientific interest as well as prac- 
tical importance. This peculiar 
type of failure occurs at stresses 
which are far less than those 
which produce fracture in the ordi- 
nary manner such as under a ten- 
sile load. This fact and many 
other fatigue phenomena require 
theoretical interpretation including 
a fundamental mechanism which 
explains how and why this type of 
failure occurs. 

Fatigue is demonstrably a sta- 
tistical phenomenon, but the funda- 
mental factors which influence this 


behavior have not been under- 
stood. It has been known for some 
time that the fatigue life of a 
metal at a given stress varies sta- 
tistically and more recently it was 
discovered that the endurance limit 
is also a statistical quantity and 
not an exact value. Thus both the 
fracture (finite life) and endur- 
ance ranges are subject to statis- 
tical variation and there is a finite 
probability of premature failures 
in the fracture range and of the 
occurrence of failure below the so- 
called endurance limit. The de- 
pendence of this behavior on met- 
allurgical factors was not known 
and it was toward this objective 
that much of the experimental 
work was directed. 


Sources of Error 


Dispersion in fatigue data can 
arise from three principal sources: 
test machines, the preparation of 
specimens, and the metal itself. 
Poor alignment, calibration, and 
operation of the fatigue machines 
and lack of control of specimen 
preparation (surface finish, etc.) 
would obviously produce scatter in 
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You Wouldn’t Buy 
a Washing Machine 

















ICKERS 
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HYDRAULIC 
POWER UNITS 


You would never go to the trouble of buying automatic washing ma- 
chine parts and assembling them yourself. It would take a lot of time 
and patience and trouble. For one thing the maker could not risk 
guaranteeing the finished job. You buy a washing machine as a unit, 
and want the undivided responsibility of the manufacturer. 

Then why buy hydraulics piecemeal when there are so many ad- 
vantages in a Vickers Custom Built Power Unit? It is built to meet your 
individual requirements, in a compact, neat, self-contained “package.” 
It includes all necessary pumps, valves, intermediate piping, oil reser- 
voir, motors, controls etc. as well as all hydraulic accessories (oil 
filters, air cleaners, oil level gauges, fittings etc.). Hydraulic connec- 
tions are grouped in a convenient manifold. 

Hydraulic design is simplified and improved, and you save sub- 
stantially on iastallation and maintenance cost. Vickers takes undivided 
responsibility for the entire hydraulic system and you get the benefit 
of Vickers skill and experience. These advantages are important to 
both the machine builder and his customer. 

_ Ask the nearest Vickers factory-trained application engineer to send 
you new Bulletin 52-45 or to make a personal call. 


ENGINEERS AND BUILDERS OF OIL 
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V ICKER$ Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 OAKMAN BLVD. + DETROIT 32, MICH. 
Application Engineering Offices: 
ATLANTA « CHICAGO (Metropolitan) « CINCINNATI « CLEVELAND 
DETROIT « HOUSTON « LOS ANGELES (Metropolitan) « NEW YORK 


(Metropolitan) ¢ PHILADELPHIA (Metropolitan) ¢ PITTSBURGH 
ROCHESTER « ROCKFORD «+ SEATTLE + TULSA 
WASHINGTON ¢ WORCESTER 
HYDRAULIC EQUIPMENT SINCE 1921 
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DIAPHRAGMS 
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FOR ALL INDUSTRIAL APPLICATIONS 


One of Acushnet’s many specializations is in the field of 
diaphragms. We have achieved notable success in the design, 
development and molding of all types of diaphragms, with or 
without fabric inserts, from the size of a dime up to three feet 
in diameter. 

Special stocks are expertly compounded with properties 
to resist various fluids and gases, extreme high or low tem- 
peratures, or combinations of these requirements. We are 
fully equipped to produce rubber diaphragms bonded to 
metal. Problems involving the most meticulous specifications 


are invited, 


Send for a copy of the “Acushnet 
Rubber Handbook", a comprehensive 
rubber data reference for molded rub- 


PROCESS COMPANY ber parts. 
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Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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the test results. However, even 
when the experimental variables 
are properly controlled the fatigue 
life and endurance limit are sta- 
tistical in nature, and this vari- 
ability is inherent in the material. 

It was thought that the statis- 
tical variation of fatigue proper- 
ties depended upon the cleanliness, 
composition, strength level, and 
microstructure of the metal. For 
example, a material with a large 
number of inclusions might have a 
greater statistical variation § in 
fatigue properties than a material 
of similar composition and micro- 
structure with very few inclusions. 
Or, for a given composition and in- 
clusion rating, the variability 
might depend upon the type of mi- 
crostructure, and so on. 

Statistics of the fatigue-fracture 
curves and endurance limits for a 
variety of materials were obtained 
from extensive fatigue tests and 
from a critical review of the litera- 
ture. The results were analyzed to 
determine the relative effects of 
some metallurgical factors on the 
statistical nature of fatigue proper- 
ties. 

In addition, a number of related 
problems were studied including 
the dependence of statistical varia- 
tions in fatigue life on stress level 
in the fracture range, location of 
crack initiation, size effect, under- 
stressing effect, and a form and 
possible method of plotting the 
S-N diagram. An approximate 
method of predicting premature 
failure in steel in the absence of 
statistical data was also deter- 
mined. 

As a result of this study and re- 
search, the following conclusions 
may be drawn: 


1. Both the fatigue life and endur- 
ance limit are subject to marked 
variability and, therefore, these 
quantities cannot be stated as 
exact values, but must be repre- 
sented statistically. 

2. In view of the statistical nature 
of fatigue properties, the design 
engineer must, in choosing a fac- 
tor of safety, recognize the fact 
that some failures can occur pre- 
maturely or even at stresses be- 
low the normally determined en- 
urance limit. 

3. The S-N diagram does not follow 
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ONLY A BALL 


has ) On? dimension 
one surface 


but oh—how important 


Important not only in precision 
ball bearings, but also in the lot of 
other applications where Strom 
metal balls have been doing the job 
better. Strom has been in on a 
great many ball-application prob- 
lems, and knows how important 
these two factors are for the best 
results. 

Strom has been making precision 
metal balls for over 25 years for all 
industry and can be a big help to 
you in selecting the right ball for 
any of your requirements. In size 
and spherical accuracy, perfection 
of surface, uniformity, and depend- 
able physical quality, there’s not a 
better ball made. 
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the simple curve which is usually 
drawn but has a point of inflec- 
tion and bends toward the stress 
axis at shorter life. 


4. Statistical analysis of the meas- 
urements of the location of 
fatigue crack initiation provide 
further evidence of the inhomo- 
geneous nature of the steel and 
its influence on the statistical be- 
havior in fatigue. 

5. The dispersion in fatigue life in 
rotating and vibrating tests in- 
creases with decrease in stress in 
the fracture range. In torsional 
fatigue, however, the dispersion 
is independent of the level of the 
stress. 

6. The variability in fatigue proper- 
ties depends upon the metal and 
is influenced by metallurgical fac- 
tors. 

7. The statistical variation in the 
fatigue life of nonferrous metals 
(e.g., copper and aluminum) is 
less than that for iron or steels, 
probably because the former ma- 
terials have fewer inclusions and 
inhomogeneities. 

8. Of the many factors which can 
influence the statistical behavior 
of fatigue properties, inclusions 
are the most important. Two 
steels of the same chemical com- 
position (e.g., two heats of SAE 
4340) but with widely different 
inclusion ratings have _ corre- 
spondingly different variabilities. 

9. The effect of differences in com- 
position and microstructure of 
iron and steels on the degree of 
dispersion is overshadowed by the 
inclusion contents of the mate- 
rials. A steel of given composi- 
tion can have greater or less vari- 
ability than iron depending upon 
whether its inclusion rating is 
relatively high or low. 

10. At a given inclusion rating, the 
material with higher ductility 
yields less scatter in the endur- 
ance limit, but the dispersion in 
fatigue life is essentially the 
same. 

11. The understressing effect may, in 
part if not wholly, be interpreted 
as a statistical phenomenon. Ex- 
perimental results conform to 
theoretical predictions based pure- 
ly on selectivity. 


12. The size effect can be explained 
on a statistical basis. 
From NACA Technical Note 2719 
(June 1952), “Investigation of 
Statistical Nature of Fatigue Prop- 
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154 varied applications of 
molybdenum sulfide in the 
shop and in the field are de- 
scribed in a new booklet now 
available. This solid-film lubri- 
cant has demonstrated unique 
anti-friction properties under 
conditions of extreme pressure, 
high velocity, elevated tem- 
perature, or chemical attack. 


The 40-page booklet contains 
the records of solved lubrica- 
tion problems — some might 
solve your own. 


Moly-sultide 


A LITTLE DOES A LOT 


The lubricant 
for extreme conditions 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36-N Y 


Please send me your Free Booklet 
on Moly-sulfide 
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SPEED CONTROL 


IMMEDIATE 
—— 

























110 volt and 220 volt models 






@ 1/100 to 1/10 horsepower 








Gear Head Motors 







Reversing and Dynamic Braking 






Constant Torque Output 






Continuous Duty Rated 






Reliable-Efficient-Economical 






Other models available 






to %4 hp. 












4°6 Godwin Ave. Paterson, N. J. 
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erties.” This comprehensive re- 
port contains 119 pages and is well 
illustrated with diagrams and 
photos. 


Casting Aluminum 
and Magnesium Alloys 


By W. D. Stewart 


Staff Metallurgist 
Central Metallurgical Dept. 
Castings Div. 
Aluminum Co. of America 
Pittsburgh, Pa. 


QUCcEsSrUL application of alu- 

minum and magnesium alloy 
sand and permanent-mold castings 
as engineering materials requires 
an understanding of the character- 
istics of these alloys and fabricat- 
ing methods, the fundamental de- 
sign considerations which are ap- 
plicable to these alloys, and an ap- 
preciation of the effect of all of 
these factors on the characteristics 
and tolerances of the end product. 
Design tolerances may be consid- 
ered from the standpoint of cast- 
ing shape and dimensions as well 
as from the standpoint of service 
stresses and the physical proper- 
ties of the part. 

A fundamental problem impor- 
tant to the foundry in the produc- 
tion of a cast shape is the estab- 
lishment of a sequence of solidifica- 
tion so that the change in unit vol- 
ume on solidification can be com- 
pensated for satisfactorily. The 
designer should, wherever possible, 
use sections which are tapered so 
that they increase in thickness to- 
ward points accessible to feed met- 
al. If tapered sections are not 
practicable, a uniform section 
thickness should be maintained. If 
it is necessary to use a design 
where light and heavy sections join, 
a gradual increase in thickness 
from the light to the heavy section 
is most desirable. This serves to 
minimize abrupt changes in solidi- 
fication rate and promotes a condi- 
tion more satisfactory for progres- 
sive solidification. 

The low specific gravity of alu- 
minum and magnesium alloys and 
the problems involved in pouring 
these alloys at high temperatures 
imposes a lower limit on the thick- 
ness of section which can be suc- 





you want unexcelled 
| sphericity, size accuracy and extremely 
fine tolerances. 






i inspiration... 
, and ninety - 
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| THOMAS 4. BISON 
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EVERYWHERE 
.-. and all the time! 


Universal technicians are constantly 


on the job guarding the dependability 
of Universal Precision Balls. 


This is the reason races filled with 


Universal Precision Balls literally become 
| Methuselah’s bearings, when it comes to 
long life. 


Universal Precision Balls are made to 


within ten millionths of an inch perfect 
spheres. They are 100% inspected and 
individually gauged. All small precision 
| balls 
magnification. 


are slowly inspected under 


Where high speeds, silent operation 


and minimum torsional resistance are 
| determining factors, Universal Balls are 
the best by test. 


Specify Universal Precision Balls when 
surface finish, 


UNIVERSAL BALL CO. 


PRECISION BALLS OF CHROME 
AND STAINLESS STEEL, BRONZE 
AND SPECIAL METALS. 


WILLOW GROVE, Montgomery County, Pa. 
Telephone, Willow Grove 1200 
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APPLICATION 


ick Airflex units are easily 
owe to all types of — 
tions. The reduced — 
parts and elimination of mec an- 
ical linkages make possible ~ 
pact installation on all types 


machinery. 














: FAWICK PS ADVANTAGES 
| IN MACHINE OPERATION 


COOLER CLUTCH OPERATION 


CUSHIONED DEPENDABLE ACTION 
° 


SELF-ADJUSTMENT FOR WEAR 
° 


LONG LIFE — LOW MAINTENANCE 
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For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 
Office, Cleveland, Ohio, for Bulletin 400-A. 











When designing or engineering high-efficiency machines, 
insure peak performance of the finished equipment by 
specifying Fawick Airflex CLUTCHES AND BRAKES. 

Their advantages in design, construction and applica- 
tion add much to any machine. The extra advantages of 
their operating features provide machines with the best in 
advanced clutch and brake performance. 


FAWICK AIRFLEX DIVISION 
FEDERAL FAWICK CORPORATION 
9919 CLINTON ROAD + CLEVELAND 11, OHIO 





BRAKES 


285 








Nearly five centuries ago 
Leonardo Da Vinci invented 


this aerial screw—a forerunner 


of the present-day helicopter. 















- +. an industry with imagination 


To serve this great industry there are many 
manufacturers with imagination and vision. 
Indiana Gear is such a company—a group of | 
able craftsmen equipped with the best 
of tools and machines— producing the finest 
in precision parts. At |.G.W. we accept the 
challenge of this and all other precision 
industries. We will match their visionary 
design with creative production. 


indiana Gear fabricated this large steel 
ring gear for the main transmission of a 
recent model Sikorsky Helicopter without 

inding and without treat distortion. 

iginally, the helical teeth on this gear 
were ground, but a necessary in- 
crease overloaded the part and it failed. 

it was assumed to be impossible to 
successfully heat treat the unground teeth, 
but 1.G.W. produced the part without dis- 
tortion and the gear operated successfully. 


INDIANA GEAR 


INDIANA GEAR WORKS, INC. « INDIANAPOLIS 7, INDIANA | 
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cessfully cast. This limitation ap- 
plies also to the design of ribs, 
bosses, and fillets. In general, no 
radius on a cast surface should be 
less than the thickness of the thin- 
ner of the two joining sections. If 
the thickness of the larger of two 
sections exceeds the smaller by 50 
per cent, a gradual blending of the 
lighter section to the heavier 
should be used in addition to the 
fillets. 

When designing parts that are to 
be machined, the minimum ma- 
chined radius even for small, light- 
ly stressed castings should be 0.040- 
inch and all sharp corners should 
be broken. Whenever possible, this 
minimum radius should be doubled 
and best practice dictates the 
use of a machined radius equal 
to % of the thickness of the ad- 
jacent casting section. Care must 
be taken also to avoid stress con- 
centrations at bolt holes, and a 
number of somewhat smaller uni- 
formly spaced holes is preferred to 
one large hole. To provide suf- 
ficient strength in the threads 
where stud bolts are used in alumi- 
num and magnesium alloy castings, 
a thread length equal to at least 
twice the diameter of the bolt 
should be used. 


Inserts Resist Wear 


It is often desirable to cast in- 
serts of other metals in aluminum 
and magnesium castings in order 
to form wear resisting surfaces. 
Cast iron and steel are the most 
suitable materials, although copper 
and brass are sometimes used. In- 
serts are usually retained mechan- 
ically in the casting by knurling, 
grooving, or projections on the in- 
sert. Iron and steel inserts can 
also be metallurgically bonded to 
aluminum castings; for example, 
cast iron ring carriers are bonded 
to permanent-mold cast pistons for 
heavy-duty diesel engines. 

Support of cores in castings 
sometimes requires core prints 
through a casting wall which may 
be objectionable from a design 
standpoint. In such cases, cores 
can be supported by chaplets, but 
this method is not advisable if the 
casting is required to be pressure- 
tight. A better method in this 
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e phenomenal long life of Ohio Centerless 
Blades and Guides is due to their extreme 
ness, high finish and close tolerances. Long 
e life means high production resulting in 
er costs. 
Made of tungsten carbide, high speed steel, 
ast alloys or iron. Non-metallic tips available 
upon request. 
In addition to standard blades, special con- 


tours, angles or shapes are made to your blue 
prints. 


‘ 
— 


Manufacturers of 
Hardened Spacers, Ways, Gibs, Ball Races, 
Slitter Knives, Shear Blades, oe” 
Rotary Shear Knives, Bronze Jo 
Ways, Wear Strips. — 
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DO THESE NEW 


Reuland motors 









FIT INTO 
YOUR PICTURE? 








FLUID-SHAFT MOTOR 


Provides smooth acceleration 
of heavy loads. More compact 
than separate motor and fluid 
coupling. Perfect alignment! 
Thousands in use on cranes, 
mixers, centrifugals, etc. 














FLUID-SHAFT MOTOREDUCER 


This Fluid-Shaft motor and 
gear reducer combination con- 
verts the motor’s conventional 
high speed into a slow speed, 
smooth starting, compact unit. 
Ideal for car pullers, conveyors, 
dryers, etc. 













MAGNETIC BRAKE 
The only brake that permits 
the use of TWO output shafts 
per motor. When desired, the 
motor shaft can be extended 
right through! Only 6 major 
parts...no levers or linkage... 
self adjusting ... half usual 
length! 










Write for new engineering 
folder on these and other 
exclusive Reuland Products... 
industrial units designed to 

fill the needs of the nation’s leading 
equipment manufacturers! 


<Q REULAND | 


ELECTRIC COMPANY 
Alhombro, Calif. Representatives in all principal cities 
FIRST IN QUALITY ... FIRST IN DESIGN 
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case is to provide core support 
holes of adequate size, which can 
be sealed with welded, threaded or 
cupped plugs. Adequate beading 
to support such plugs is necessary. 


Tests Can Mislead 


Mechanical properties of alumi- 
num and magnesium casting alloys 
for specification purposes are nor- 
mally based on tests of individ- 
ually cast specimens having a test 
section 44-inch in diameter. This 
test bar has been designed to pro- 
vide optimum reproductibility of 
results and to reflect such changes 
in composition, metal handling 
practices, or heat treatment as 
may have occurred in its produc- 
tion. However, the properties of 
separately cast test bars do not 
necessarily represent the proper- 
ties of the actual casting. These 
properties may be higher or lower 
depending on a number of factors 
which influence the solidification 
rate of the metal in the mold or the 
soundness of the casting section. 
For example, test specimens ma- 
chined from a heavy section of a 
casting may provide lower proper- 
ties than separately cast specimens 
because the rate of solidification is 
relatively slow. Conversely, the 
high solidification rate of a thin 
section may result in higher me- 
chanical properties than those 
shown by separately cast speci- 
mens. 

This condition is not peculiar to 
aluminum and magnesium alloys, 
but is true to various degrees of all 
cast metals. Because of this fac- 
tor, the properties of test speci- 
mens machined from a single cast- 
ing will also vary depending upon 
the location in the casting. Many 
engineering specifications recog- 
nize this factor and require that 
the average tensile strength and 
elongation of specimens machined 
from the heaviest, intermediate, 
and lightest section of the casting 
be not less than 75 per cent and 
25 per cent, respectively, of the 
values required for separately cast 
specimens. There is no general 
rule by which this relationship can 
be determined in a particular de- 
sign, and the designer, through ex- 
perience, must develop the proper 








There's a 


*Dyna-Line 
FLEXIBLE COUPLING 
to FIT YOUR DRIVE! 


a 





1/15 to 1-1/2 
Horsepower 


i 
Min. Length 
1” to 2-3/2" 

od 


Lengths to 
Your Drive 
Design 
Needs 


a 





= Er 
Toe 








- 4 


8 
seciky Guardian 
FOR BEST PERFORMANCE 
OF YOUR EQUIPMENT... 


*Exclusive Guardian Dyna-Line construc- 
tion produces a superior one-piece flexi- 
ble power connector by joining the three 
components into one unit while they 
are spinning and held in dynamic align- 
ment. 


In these couplings, the length of Flex- 
Element s cified enters the function of 
needed adjustment to misalignment, or 
of added torsional damping. Exceptional 
lateral flexibility with minimum stresses 
imposed and torsional stability retained 
are controlled design features. 


Exclusive manufacturers of the Guardian 
Splined Sleeve Coupling (now with Silent 

ension), for years the standard coupling 
for the Oil Burner Industry, 









Write for C-102 
Catalog Page, also 
Drive Data Form (@ 


#53 for coupling 
d ions 









PRODUCTS CORP. 


ORtE SE0, Remm cnn AETLOR. | 
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What's Screwy? 















































“Oh, he’s not so smart. It’s just that those Phillips Screws are so easy to drive.” 
















PERFECTLY 
MATED! 


Only Phillips 
Drivers ore per- 
fectly mated to 
Phillips Screws, 
Look for the name 
Phillips on the 
— shank. 





EASE of driving is only one big ad- 
vantage. Phillips Screws save time, 
work. and money. They also add 
structural strength, set up tighter, 
resist the loosening effect of vibra- 
tion. And they eliminate driver skids, 


damaged parts and split screw heads. 

The identifying X on the cross- 
recessed-head identifies the x-tra 
quality of Phillips Screws instantly. 
Be sure to state “Phillips” on the 
specifications. 


PHILLIPS “xssdecessecrHead SCREWS 
X marks the spot... the mark of extra quality 


AMERICAN SCREW COMPANY ® ATLANTIC SCREW WORKS, INC. © THE BLAKE & JOHNSON CO. 
CENTRAL SCREW COMPANY ® CONTINENTAL SCREW COMPANY ® THE EAGLE LOCK COMPANY 
€LCO TOOL. AND SCREW CORPORATION © GREAT LAKES SCREW CORPORATION ® THE H. M. HARPER CO. 
THE LAMSON & SESSIONS COMPANY ® NATIONAL LOCK COMPANY 
THE NATIONAL SCREW & MANUFACTURING CO. © PARKER-KALON CORPORATION 


PHEOLL MANUFACTURING CO. * 
SHAKEPROOF Div. OF ILLINOIS TOOL WORKS 


ROCKFORD SCREW PRODUCTS CO. °* 


SCOVILL MANUFACTURING CO. 
THE SOUTHINGTON HDWE. MFG. COMPANY 


STERLING BOLT COMPANY © STRONGHOLD SCREW PRODUCTS, INC. © WALES-BEECH CORP, 
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THE FUTURE’S... 


FINEST FASTENER 











| 


| 


MINIATURE 





@ Compact! Only 4%.” overall @ Rotation in either direction 
@ Light! Weigh only 5% oz. @ Coaxial shafts for in-line construction 
@ Continuously variable speeds over a @ Ball-bearings throughout 
wide range @ Completely sealed 
@ Knob, lever, push-rod or gear control @ Permanently lubricated for trouble-free 
(Lever control illustrated) high/low temperature service 


@ Operate in any position 






SPEED 


CHANGERS 


Peg, ) 
(Gear Type) CTUAL 


4 


@ Only 1.050” diameter! @ Anti-backlash units . . . virtually zero 
@ Single section weighs only 3 oz. backlash in either direction 

@ STANDARD ratios from 10:9 to 531,441:1! @ Completely sealed 

@ Hobbed gears for smooth, precision running @ Permanently lubricated 


@ Mount in any position 
Write for Bulletin 100 
AG SL A A A LT a a 
MINIATURE COMBINATION FIXED AND VARIABLE SPEED CHANGERS 


For applications requiring variable speed at a reduced nominal output speed, 
combinations of Metron Variable Speed Drives and Fixed Ratio Speed Changers 
are available in compact, integral units. Ask for Technical Data, or write 
giving your requirements for prompt engineering recommendations and prices. 


METRON INSTRUMENT COMPANY 


442 Lincoln Street . Denver 9, Colorado 


THelnen 
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factor of safety to apply to the me- 
chanical properties specified for an 
alloy in evaluating the design 
stress to be applied. 


Sand Castings: The sand casting 
process is the most versatile meth- 
od of producing a cast shape and 
is, in fact, characterized by its uni- 
versal adaptability. This process 
is, employed for the production of 
(1) small quantities of identical 
castings, (2) parts requiring intri- 
cate coring, (3) large castings, and 
(4) castings of a design suitable 
to modern high-speed mold equip- 
ment and methods where produc- 
tion costs lower than those of other 
fabricating methods can be estab- 
lished. 

Type of pattern equipment se- 
lected will depend largely upon the 
dimensional accuracy required and 
the total quantity of castings re- 
quired or the production rate which 
is desired for control of unit cost. 
Shrinkage allowance for both alu- 
minum and magnesium alloy sand 
castings may be as much as 5/32- 
inch per foot, but variations in cast- 
ing design, alloy, and resistance to 
contraction offered by the mold 
may make necessary an allowance 
as small as 1/10-inch per foot. The 
actual shrinkage allowance for a 
particular casting design must be 
determined by experience. 

Molding in sand is not a precision 
operation because of variations in- 
herent in the process. These varia- 
tions are introduced by, among 
other factors, ramming of the sand 
onto the pattern, drawing the pat- 
tern, and setting of cores. Varia- 
tions in the dimensions of the re- 
sulting casting are introduced by 
trimming and heat treating. 

The overall effect of these fab- 
rication tolerances is reflected in 
the dimensional tolerances that can 
be maintained in the sand casting 
process. The standard tolerance 
for both aluminum and magnesium 
sand castings is +1/32-inch. This 
tolerance will apply to stich dimen- 
sions as length, flatness, and wall 
thickness in most castings made 
from mounted .pattern’ -gquipment 
having a maximum dimension. of 
12 inches, Beyond this point, itis 
inaccurate to generalize about sand 
casting tolerances because of the 
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Technique of Western Felt production and 
processing has built an enviable 
reputation for engineering precision. 
Chemical specifications must be perfectly 
met—parts from wool softness to rock 
hardness are cut to close tolerances. 

As an extremely versatile material 
Western Felts are resilient, flexible, 
compressible. They resist oil, water, heat, 
age—do not ravel, fray or lose shape. 
New uses found daily. It pays to 

depend on Western Felt. 


Check Possible Uses for Your Product 
e Excluding dirt, grit, dust e Retaining lubricants 
@ Thermostatic insulation ¢ Isolating vibration 
e Cushioning shock @ Padding, packing, seals 
e Air and liquid filters e Gaskets, channels, etc. 
@ Grinding, polishing, etc. ¢ Weight reduction 












@ Instrument mounts 











Sheet and Roll Felt Manufac- 
tured for Special Purposes 
and To Meet All S.A.E. and 
Military Specifications. 








WESTERN 


4035-4117 Ogden Ave., 
Chicago 23, Illinois 


Branch Offices in Principal Cities 
WORKS 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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Promet Bars Stand Up 
Where the Going 


Made from Promet No. 6, an outstand- 
ing leaded bearing bronze noted for 
its free machining properties. Un- 
believably great resistance to heat and 
wear. Will not burn, seize, pound out. 


PROMET'S HIGH SAFETY FACTOR IS 
YOUR INSURANCE AGAINST BEARING 
FAILURE! 


Tougher, harder and stronger, it resists 
shock loads and withstands high com- 
pressive forces and will not cut, 
or stick to the shaft under ordinary 
operating conditions. There is no seiz- 
ing, no scoring—just smooth, quiet 
operation. Will not powder under the 
most severe conditions of service. When 
lubrication fails temporarily, Promet 
carries on safely until proper lubrica- 
tion can be restored, afford'ng protec- 
tion against production shutdowns. 


PROMET FULLY MACHINED BARS SAVE 
YOU TIME, TOOLS AND MONEY! 


Completely precision machined inside, 
outside and on the ends, yet sufficient 
stock remains for the finishing cut. 
Can be machined at speeds of more 
than 500 feet per minute—more than 
double those of prosphor bronzes. This 
complete machining insures you against 
subsurface defects sometimes found in 
rough cast bars. A considerable amount 
of metol has already been removed— 
metal which you would be purchasing 
if you used rough bars. Every bar is 
absolutely concentric. 
Available round, hexagon and square, 
in 13-inch lengths, rough cast. 

MONEY-BACK GUARANTEE 
of longer, superior service and lower mainte- 
nance cost. 

FREE ADVISORY SERVICE 
Our competent design and engineering stoff 
will be glad to assist you in solving your 
special bearing problems. Send today for 
free literature. 

THE AMERICAN CRUCIBLE PRODUCTS CO. 
1321 Oberlin Avenve Lorain, Ohio 
Please send free literature on Promet 
Cored and Solid Bronze Bar Stock 

NAME 

FIRM 

STREET .. 
CITY & STATE 
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effect of casting size. As an ex- 


ample of the effect of size on the 


tolerance for length dimensions, 
the following can be considered ex- 
amples of acceptable tolerances: 


Length Dimension Tolerance 
(inches) (inches) 
Up to 12 +5 
12 to 24 +2, 
24 to 36 +5 
36 to 60 +4 
Over 60 +% 

Wall thickness tolerances are 


also a function of casting size, and 
the size and weight of cores which 


j must be set and supported in the 


mold. For example, in large alu- 
minum-alloy sand castings weigh- 
ing 400 to 1000 pounds, a wall 
thickness tolerance of +3/32-inch 
may sometimes be necessary. 

All the tolerances mentioned so 
far are for castings made in green 
sand molds with or without dry 
sand cores. When the entire mold 
is made in dry sand, closer toler- 
ances can be held provided the 
casting is not too large. 

The physical characteristics of 
the sand, the quality of the pat- 
tern surface, and the molding tech- 
nique all govern the surface 
smoothness of sand castings. Al- 
though a relatively smooth surface 


| can be obtained on aluminum alloy 


castings with fine sand, the use of 
such sand is limited to rather small 
castings. Larger castings require 
somewhat coarser sand in order to 
provide the increased mold perme- 
ability necessary for better casting 
soundness. This latter factor is 
most important in the production 
of sound magnesium alloy cast- 
ings, and, in general, aluminum 
sand castings have somewhat bet- 
ter surface smoothness than mag- 
nesium castings. Special require- 
ments for surface smoothness on 
sand castings exert a marked influ- 
ence on their cost, and the designer 
should carefully consider the ne- 
cessity for specifying excessively 
smooth as-cast surfaces. 


Permanent-Mold Castings: In the 
permanent-mold process, metal 
molds and cores are used and the 


| metal is poured into the mold cav- 


ity under a normal gravity head. 
The semipermanent-mold process is 
a variation that offers somewhat 
more versatility through the use 











Specify 
these GAST 


rotary-vane 


VACUUM 
PUMPS 


to solve your 
original equipment 
problem— 


Light-duty Model 
0440, Ya H.P., 3.8 
C.F.M., 15” to 26” 
vac. Direct or V- 
belt drive. 


Heavy-duty Model 
1065, V4 to 12 H.- 
P., 3.8 to 21 C.F.M., 
26”-28” vac. Direct 
or V-belt. 


V-belt Model 3040, 
% to 1% H.P., 19 
to 24 C.F.M., mod- 
erate vac., V-belt 
drive only. 


Integral Motor- 
Pump Model 0210, 
Y% H.P., 1.3 C.F.M., 
to 27” vac. 


CHOOSE FROM A WIDE 
RANGE OF SIZES, TYPES 


Gain lower maintenance and higher 
performance for your own products. 
Select the pump that fits your applica- 
tion from any of these types — in nu- 
merous sizes and combinations. Choose 
integral-motor, V-belt or direct drives, 
with or without bases or accessories, 
such as lubricators, mufflers, fans, 
filters. 


Get the complete story ... see how 
Gast Dry Vacuum Pumps excel for 
vacuum feeding, holding, testing, 
filtering. Write for Catalog and Ap- 
plication Ideas Booklet! 


Original Equipment Manufacturers 
for Over 25 Years 





AIR MOTORS - COMPRESSORS - VACUUM PUMPS 
(TO THREE H.-P.) (TO 30 185.) (TO 28 INCHES) 
GAST MANUFACTURING CORP., 109 Hinkley St., Beaton Harbor, Mich, 
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Even a Boy can fight Communism with Truth 


a 
an 


Kids on Radio Free Europe Send Hope To Pals Behind Iron Curtain 


Twelve-year-old Karel Paces, a young 
Czech found in a German refugee camp, 
is broadcasting over Radio Free Europe 
to his Czech friends behind the Iron 
Curtain. 


He is telling them familiar children’s 
Stories in their native tongue—stories 
now denied them by their Communist 
masters. These stories have a very real 
meaning to Karel’s friends, a meaning 
ingrained in the folklore of their country. 

Karel Paces is giving his friends, the 
boys and girls of his beloved Czecho- 
slovakia, the truth of their own country 
and the free world. It is this truth which 
every American must support now so 


Fe SEANCES 
= NO 
‘ : 
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3, f 
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Contributed in the public interest by 


that it can be used to fight the deceit, 
darkness and despair which Communist 
tyranny is spreading through the satellite 
countries of Europe. 

Day and night, Radio Free Europe is 
exposing Communist lies and propa- 
ganda, and sustaining the hope of op- 
pressed millions that some day they will 
live in a better world. 


At least $4,000,000 is needed this year 
to support and expand the operations of 
Radio Free Europe and Radio Free Asia. 
In addition, the Crusade for Freedom is 
seeking the signatures of Americans, on 
Freedom-Grams. These will be your per- 
sonal pledges of hope for a free world. 


MACHINE DESIGN . 


This Crusade cannot succeed without 
your help. Your contribution is needed 
now to help support Radio Free Europe 
and Radio Free Asia . . . to help fight red 
lies with truth and to win the cold war. 

Support this truth campaign now and 
help bring to millions the promise of 
future freedom. 


Send your contribution to 
Crusade for Freedom, 
c/o your local Postmaster 


Help Truth Fight Communism 
Give To Crusade For Freedom 










































> Save Tool and Design Costs 
> Assured Quality and Service 


> Immediate Delivery 


There is @ MORTON Fixture 
Clamp and Component to meet 
your most exacting require- 
ments. Use them as Standards. 


MORTON 
MACHINE WORKS 


2425 Wolcott St., Detroit 20, Mich 
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of dry sand cores, thus overcoming 
many of the design limitations im- 
posed by metal cores. Permanent- 
mold castings are characterized by 
their metallurgical superiority, 
closer dimensional tolerances, su- 
perior surface finish, pressuretight- 
ness, and for certain sizes or de- 
signs, greater speed of production 
and lower cost per piece than sand 
castings. 

The metallurgical superiority of 
this process is more pronounced in 
the case of aluminum castings than 
with magnesium castings. This su- 
periority is due to the chilling im- 
posed by the metal mold and the 
consequent refinement of the struc- 
ture and reduction in porosity in 
the castings. This results in a sub- 
stantial improvement in the 
strength over similar parts cast in 
sand. Magnesium alloys will, in 
most cases, show somewhat higher 
mechanical properties when cast in 











permanent molds. 


Minimum Dimensions 


As with sand castings, it is dif- 
ficult to define the minimum sec- 
tion thickness that can be produced 
by the permanent mold process be- 
cause of the effect of casting size 
upon this factor. A section thick- 
ness of 14-inch over an area of 3 
inches or less is usually considered 
to be the minimum acceptable. For 
larger areas, the minimum section 
thickness should be 5/32-inch and 
a minimum section of 3/16-inch is 
usually required if the shortest di- 
mension of the web area exceeds 6 
inches. The minimum diameter for 
cored holes is dependent upon a 
number of factors including depth 
and location with respect to vari- 
ous parts of the mold. In general, 
best design practices would be to 
provide for no cored holes less than 
34-inch in diameter. Smaller holes 
can usually be produced more eco- 
nomically during machinir.;. 

Dimensional tolerances depend 
upon the size and complexity of the 
casting and the location of the di- 
mensions involved with respect to 
the moving parts of the mold. Tol- 
erances lower than those possible 
with sand castings are generally 
provided, +0.020-inch being com- 


}s monly maintained for small cast- 











Choose SMITHway 
V. H. S. motors for 


POWER 
TO SPARE 





SMITHway Vertical Hollow-shaft 
Motors have reserve power which en- 
ables them to carry sustained over- 
loads without injurious overheating 
This is just one of the many reasons 
why they’re the choice of users in 
every category — private, corporate 
and municipal, where water supply 
must be dependable and delivery 
must be at lowest cost per gallon. For 
complete information, see nearest 
office or write for latest bulletins. 


OUTSTANDING FEATURES: Rugged cast iron 
frames and end bells. Weather proof, protected 
construction. Precision machined throughout. 
Moisture resistant insulation. Pressure cast, dy- 
namically balanced rotors. Dual balanced venti- 
lation. Sealed bearing enclosures. Metered oil 
flow. Easy to service. Many other features. Wide 
range of ratings from 1 to 
500 H.P. SMITHway Verti- 
cal Motors also available 
in Solid Shaft Design over 
the same range. 
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O.Smith 


{ a c ’ ® com 


5715 SMITHway St., Los Angeles 22, California 
1000 Webster St., Dayton 4, Ohio « Offices in Prin- 
cipal Cities * International Division, Milwaukee | 
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ings. Tolerances are usually given 
as +1/64-inch for the first 1 inch 
or less, plus 0.001 or 0.002-inch per 
inch of added dimension depending 
on whether the dimension is affect- 
ed by the moving parts of the mold. 
Draft allowances should be as gen- 
erous as possible with 1 degree 
considered minimum for outside 
draft and 3 degrees more desir- 
able. In recesses in the casting 
formed by the mold, a 2-degree 
draft is considered minimum with 
5 degrees desirable. For cores the 
minimum draft is 4%-degree with 
2 degrees desirable. The selection 
by the designer of the desirable de- 
gree of draft, wherever possible, 
has a significant effect upon the 
cost of the casting because of the 
influence of this factor upon the 
production rate which can be ex- 
pected from the mold. 

As in the case of sand castings, 
it is possible to maintain closer 
than normal tolerances on certain 
specific dimensions. Examples are 
permanent-mold pistons, where di- 
ameters across chucking points are 
held to +0.010-inch and head 
thicknesses are held to +0.010- 
inch. 

Machine allowances for perma- 
nent-mold castings can be some- 
what less than those indicated for 
sand castings. For castings up to 
10 inches long, a minimum machin- 
ing allowance of 1/32-inch should 
be provided, with 3/64-inch desir- 
able. For castings over 10 inches 
long, the minimum machining al- 
lowance is 3/64-inch with 1/16- 
inch desirable. In semipermanent- 
mold castings on surfaces formed 
by sand cores, 1/16-inch minimum 
machining allowance should be pro- 
vided. 

The surface finish of permanent- 
mold castings is governed by the 
smoothness of the mold surfaces 
and the proper control of mold 
coatings, and is superior to that 
provided by sand castings. Sur- 
faces produced by sand cores in 
semipermanent-mold castings are, 
of course, dependent upon the 
smoothness of the core. 

From a paper entitled “Toler- 
ances and Specifications for Alu- 
minum and Magnesium Castings” 
presented at the ASME Fall Meet- 
ing in Chicago, Ill., September 1952. 
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aircraft 
compass 


bracket 


Intricate parts like these 
are easy for powder metal- 
lurgy and Wel-Met. Made 
exactly to your specifica- 
tions, faster, at less cost. 
Metal powder parts, en- 
gineered by Wel-Met, are 
providing improved per- 
formance and lower costs 
on everything from toys to 
jet planes, and would do 
the same for your products. 
We'll gladly check your 
prints and quote prices. 


gear 





Manufacturing Plants 
KENT, OHIO 
SALEM, INDIANA 





machinery 


FOR BETTER POWDER METALLURGY... DON'T FORGET...ITS... 


lt would be difficult 


(and expensive) 


to make these parts 
any other way! 


farm 





THE WEL-MET COMPANY 


A subsidiary of Ferro Corporation 


122 GOUGLER AVENUE «+ KENT, OHIO 














A PRACTICAL SOLUTION TO THE PROBLEM 


Are Your Laboratories Overloaded? 





TECHNICAL MANPOWER SHORTAGE 


Are you interested in the possibility 
of getting some of your testing 
analysis and trouble shooting work 
done without hiring additional 
technical help? 

Our solution is very direct. No 
doubt many of your trained engi- 
neers and chemists are tied down by 
routine but essential testing and 
analytical tasks. You can release 
these men for more demanding, 
more responsible duties by entrust- 
ing our laboratories with your rou- 


tine testing and analytical schedules. 

Why is this possible? Because 
Testing is our Business. Your assign- 
ments to us will be handled by men 
who live and'think testing. They 
will receive the care and attention 
that only a specialized laboratory 
can give. That means speed, accu- 
racy, and real economy. 

We would like to get together 
and discuss your manpower prob- 
lems and possibly point the way to 
a solution. 


UNITED STATES TESTING COMPANY, INC. 


1500 Park Ave., Hoboken, N. J. 
BOSTON « CHICAGO « NEW YORK « PHILADELPHIA « DENVER 
PROVIDENCE « LOS ANGELES « MEMPHIS « DALLAS 
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Member of American Council of C 











DENISON 
Flow Control 
Valves 








Optional range of minimum- maximum adjustment — 


The DENISON 


to 3000 psi — without changing spools. 


Now you can have full-scale regulation of your ad- 
justable speed circuits regardless of pump delivery. 
No need to order individual valves for each circuit 
requirement. One valve does the job. Denison Flow 
Control Valves can be adjusted to various pump 
deliveries, quickly and simply, without changing 
spools. Simplified, cartridge-type single-spool de- 
sign makes these rugged valves ideal for meter-in, 
bleed-off and other operations at all circuit pres- 
sures to 3000 psi. For extra safety, valve bodies are 
built to withstand 5000 psi. Twelve models, 2-port 
and 3-port types, with or without built-in check, in 
sizes of 1/,”, 3” and 3/4”. 0 to 28 gpm capacities. 
Write today for full details! 


| | 
Engineering | 
4 DENISON 
1156 Dublin Rd. | | ‘e) [ L | 
| 

| | 

l ' 


Columbus 16, Ohio 


A COMPLETE LINE OF PUMPS, PUMPING UNITS, FLUID MOTORS, CONTROLS 
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Materials Handling 


Electric Fork Truck: Model FS- 
25, for loads up to 2500 Ib and 48 
in. long. Features worm-gear driv- 
en power axle; gyroscopic trail- 
ing axle construction—truck chas- 
sis remains level even when al! 
four wheels are on different sur- 
face levels; dynamic braking to 
prevent motor burnouts caused by 
sudden reversals of direction; 
powerful motor which will handle 
extreme overloads. Has standard 
telescoping lift with 130%-in. 
travel. Overall length, 119 in.; 
width, 34 in.; turning radius, 651 
in.; speed, up to 7 mph. The Baker 
Raulang Co., Baker Industrial 
Truck Div., Cleveland, O. 


Furnace Charger Truck: Mode! 
A-3481 has capacity of 4000 Ib. 
Load pickup and deposit is accom- 
plished through tilting action of 
load carrier, which pivots back- 
ward a maximum of 10 degrees. 
Chassis is equipped with gas-elec- 
tric power source. Standard bat- 
tery power source recommended is 
one of either 30 or 36-v type and 
450-amp-hr rating. The Mercury 
Mfg. Co., Chicago, Il, 


Metalworking 


Broaching Machine: Hyspeed 20- 
in. unit suited to high production 
broaching of specialized medium 
and small jobs, such as splines, 
wrench slots, internal wrench 
hexes, etc. Machine cycle is started 
by foot pedal which can be oper- 
ated from either side. Hydraulical- 
ly operated and electrically con- 
trolled; electric control panel has 
selector switch which determines 
an automatic return stroke or the 
conventional broaching stroke 
which stops at the end of each 
cutting stroke. Integral coolant 
system pumps either light or heavy 
cutting solvents at considerable 
volume. Maximum pull, 6000 Ib; 
maximum feed stroke, variable be- 
tween 2 and 27 fpm; full return 
stroke of 20 in. requires 1% sec- 
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onds. Cycles at 700 strokes per 
hour. Floor space required, 3 by 
9 ft. Zagar Tool Inc., Cleveland, O. 

Flash Trimmer: Designed for use 
in a continuous process rolling or 
pickling line. Placed in the line 
adjacent to the flash welder. Weld- 
ed sheet is moved to approximate 
center of trimmer, which is pro- 
vided with hydraulic horizontal 
traverse 6 in. each way from center 
for final alignment of machine with 
the weld. Operator stops weld near 
center of machine; traverses ma- 
chine to final alignment. Pushbut- 
ton controls lowering of upper 
housing and clamping of the sheet. 
Rams move automatically and 
simultaneously across the sheet, 
removing the flash. At the end of 
the fixed travel, limit switches un- 
clamp and raise upper housing, 
rams return to front of machine, 
and machine returns to its central 
position of traverse. Will trim ma- 
terials from 0.056 to 0.250-in. thick. 
Has 3-in. vertical movement and 
clearance between dies. Morton 
Mfg. Co., Muskegon Heights, Mich. 


Multiple Head Grinder: For pro- 
duction grinding of solid carbide 
blanks. Produces finish of 1 to 2.5 
rms and gage block flatness using 
150 grit diamond wheel. Holds di- 
mensions to +0.0002-in. Wheel 
can be dressed and trued to 0.0005- 
in. in a few minutes. Long wheel 
life; diamond salvage is less than 
one carat per pound of sludge. 
Spike Mfg. Co., Farmington, Mich. 


Portable Nibbler: Cuts through 
14 gage stainless steel, C. R. steel, 
galvanized iron or softer materials 
in proportion without distortion on 
either side. Also cuts holes in tubes 
and ducts without damaging orig- 
inal contour. Can be used as a 
hand tool or mounted in a vise for 
bench operations. Minimum cut- 
ting radius, %-in. Weighs 71% lb; 
is 10 in. long. Fenway Machine 
Sales Co. Inc., Philadelphia, Pa. 


Punch Presses: Two power-oper- 
ated models each having rated ca- 
pacity of 5 tons. Will punch 4-in. 
diameter hole in 16 gage (0.062- 
in.) sheet steel or a %-in. hole in 
3/16-in. thick steel plate. Feature 
deep throats; rate of production is 
180 strokes per minute. Operated 
by foot control. Moving parts 
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Pilot-Operated 
Check Valves 





4 mouels, 2” to 1/2” sizes . . . 3000 psi maximum 


Standard Subplate or Threaded Body Types 


Another milestone in Denison’s continuing program 
of research and development in oil-hydraulic equip- 
ment! Denison’s new pilot-operated HydrOILic 
Check Valves are compactly built for circuits oper- 
ating at pressures to 3000 psi. Improved and simpli- 
fied high pressure design. Replaceable valve seats 
add to maintenance economy. Capacities up to 50 
gpm. 14”, 34", 114," and 11,” sizes are available, 
in standard subplate or threaded body types. Let 
us send you complete information on this new line 


of Denison HydrOILic Check Valves . . 


today for new bulletins. 


DENISON 


drOll ica 





. Write 


the DENISON 


Engineering 
Company 


1156 Dublin Rd. 
Columbus 16, Ohio 
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New! REEVES '“"’’ 
Right Angle Drive 


REEVES 





Output shaft drives up, down 
or at right angles 


@ Small, compact, but rugged—the new [REEVES RIGHT ANGLE 
DRIVE conserves space in right angle or vertical shaft applications 
. . . gives you long-lasting, trouble-free performance on heavy 
duty work. This “threé-in-one”’ combination brings you in one, 
space-saving unit: a standard NEMA frame, type C, face- 
mounted motor; the time-tested REEVES speed-varying mecha- 
nism for positive, accurate speed changes without stops; and the 
new, rugged right angle worm gear reducer. REEVES Right Angle 
Drives are available in fractional hp sizes in either horizontal or 
vertical models with speed ratios from 2:1 through 10:1. Hand- 
wheel control is standard with electric remote and mechanical 
automatic optional. Write today for details concerning this new, 
fully-proved addition to the REEVEs line. Specify Department 
H86-M522. 


REEVES PULLEY COMPANY - COLUMBUS, INDIANA 
ialized field of variable speed control 


Variable Speed Drives 


foroccurote speed control 
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housed in steel cabinet. Require 
floor space of 17 by 28 in.; need not 
be bolted down. Driven by 1%-hp 
motor, either single-phase 110-220 
v or three-phase 220-440 v ac. 
O’Neil-Irwin Mfg. Co., Lake City, 
Minn. 

Are Welder: Model WD-42AGW, 
200-amp engine-driven de welder 
with 60 per cent duty cycle. Has 
current range of 40 to 250 amps; 
can be used with a variety of elec- 
trode sizes. Consists basically of 
GE type WD42 generator and Wis- 
consin air-cooled engine. Designed 
to fit crosswise in standard pickup 
truck. Forced ventilation keeps in- 
ternal temperature within safety 
limits when welder is operated on 
60 per cent duty cycle at rated load. 
Vacuum type device idles engine 
when welding is not being done. 
General Electric Co., Schenectady, 
N. Y. 

Horn Press: Capacity, 40 tons. 
Features heavy duty frame and 
easy adjustment. Available either 
plain or geared. Specifications in- 
clude: diameter of shaft at main 
bearings, 3% in.; table area of 
bolster, 18 by 24 in.; opening in 
bed, 10 by 14 in.; horn hole and 
length, 6 by 19 in.; die height, 
table to ram, 6 to 18 in.; die height, 
center of horn hole, 8 in.; bolster 
thickness, 2 in.; stroke, standard to 
maximum, 3 to 6 in.; ram adjust- 
ment, 2 in.; ram area, 7 by 8 in.; 
strokes per minute, 50 to 100. 
Diamond Machine Tool Co., Pico, 
Calif. 

Belt Sander: For fine burring, 
grinding and polishing operations 
on metals, rubber, plastics, glass, 
etc. Belt wheels, 4 inches in di- 
ameter, are mounted on heavy 
duty, wide, double-row double- 
sealed ball bearings. Unique track- 
age adjustment ensures positive 
wheel alignment. Top wheel sup- 
porting arm is rocker mounted and 
pivoted for belt takeup. A spring 
load ensures correct belt tension 
when using the back-up plate. Re- 
quires no auxiliary belt trackage 
devices. Pivoted back-up unit re- 
tains parallelism with the belt at 
any angular setting of table. De- 
signed to operate at any surface 
speed up to 8000 fpm; requires 
\4-hp, 1750 rpm motor. Accom- 
modates any standard belt width 
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from % to 1 in. by 44 in. long. 
Benchmaster Mfg. Co., Gardena, 
Calif. 

Thread and Worm Cutter: For 
installation on a standard lathe. 
Actual cutting is done by a tool 
which moves around workpiece ec- 
centrically at high speed, in a single 
continuous operation. Cuts long 
standard vee threads, acme, but- 
tress and rounded threads and, 
within close limits, modified square 
threads. It is claimed that threads 
cut with this equipment are more 
exact in pitch than those produced 
under similar machining conditions 
by twining. There are no pitch 
errors produced by the torsion of 
a workpiece. High-speed cutting 
eliminates tearing of flanks and 
“smearing” of workpiece. Veloci- 
ties are between 800 and 2000 fpm, 
depending on material. National 
Threading Machine Co., Paterson, 
N. J. 

Power Hack Saw: No. 5 Hy-Duty 
Keller machine has capacity for a 
91,-in. round or an 8 by 9-in. flat. 
Lifts automatically on reverse 
stroke. Variable power pressure 
regulator for the blade provides 
pressure from 0 to 200 lb. Cuts 
any material from lightest wall 
tubing to heavy shafting. Equipped 
with swivel base vise with quick- 
adjustable sliding jaws and single 
screw. Sales Service Machine Tool 
Co., St. Paul, Minn. 

Welding Torch: Water - cooled 
model HW-10 Heliare torch for 
inert gas-shielded arc welding. 
Welds almost all commercial met- 
als up to approximately -in. 
thick. Has rated capacity for con- 
tinuous duty of 300 amps. Does 
not overheat even if used for long 
periods at full rated current. Cool- 
ing water flows directly into torch 
body and is circulated to torch 
head, through the water jacket, 
back through the head again and 
out through the power cable. This 
water cooling system makes pos- 
sible placing the collet body closer 
to the arc without danger of dam- 
age from excess heat. Electrodes 
can be changed or adjusted in a 
few seconds’ time without using 
a wrench. A quarter of a turn re- 
leases torch cap, and steel collets 
align new electrodes automatically. 
Collets are available for 0.040, 1/16, 
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SERVICE 


THE GREATEST SERVICE ORGANIZATION 
OF ITS KIND IN THE WORLD... 


Near you there is a Briggs & Stratton service organization — 
factory trained and supervised — ready to tune up, repair, 
or even rebuild your Briggs & Stratton engines with original 
Briggs & Stratton parts. 

If your Briggs & Stratton engines are not busy during these 
winter months, now is the ideal 
time to have them serviced — to 
insure continued peak perform- 
ance for busy periods ahead. 

Only Briggs & Stratton main- 
tains such complete world-wide 
authorized service facilities — a 
big “plus” that you get only when 
you specify Briggs & Stratton en- 
gines on the gasoline powered 
equipment you buy. 

Briggs & Stratton Corporation, 
Milwaukee 1, Wisconsin, U. S. A. 


In the automotive field Briggs & Stratton is the recognized leader 
and world’s largest producer of locks, keys and related equipment. 
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SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE «+ CLEVELAND 5, OHIO 





FILLING AN ORDER BY AUTOMATIC SPINNING. Automatic ma- | 
chines, developed by Teiner, permit precision spinning to reduce 
costs on long-run items. Example of the all-gauge — all-metal — 
any-quantity —- spinning capacity available at Teiner. Write for 

color Brochure 52D. 
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3/32 and \%-in. diameter electrodes. 
Two torch caps are available, per- 
mitting the use of either 3 or 7-in. 
electrodes. Linde Air Products Co., 
New York, N.Y. 

Pipe and Tube Notcher: Twin- 
Notch Arc-Fit for use with a punch 
press. Notches both sides of pipe 
end with a single stroke of the 
press. Requires less than three sec- 
onds’ time. Tubing is fed into die 
and die punch enters tube end. As 
press ram comes down, punch is 
driven laterally to notch one side 
of tube end, then immediately in 
the opposite direction to notch the 
other side. Cutting is from the in- 
side out; clean edges require no 
further finishing. Alignment of 
notches is automatic. Interchange- 
able dies, punches and spacers 
make possible notching 1% to 2-in. 
pipe and tubing. Vogel Tool and 
Die Corp., Melrose Park, Ill. 

AC Welding Machines: New mod- 
els in 300, 400 and &00-amp ca- 
pacity replace previous 300 and 
500-amp machines and incorporate 
new features and mechanical 
changes. Have “arc _ booster” 
circuit. Geared crank facilitates 
setting of amperage. Electrical and 
mechanical control parts are ac- 
cessible without removing case. Re- 
connection of input circuit for 220 
or 440 volts can be accomplished 
without replacing any coils. Im- 
proved downdraft ventilation sys- 
tem brings air in from top of case, 
circulates it by means of baffles 
through windings and prevents any 
air from being recirculated. Large 
lift bale on top of case accom- 
modates standard crane hook. The 
Lincoln Electric Co., Cleveland, O. 


Plant Equipment 


Steam Cleaner: Improved 
Speedylectric Model JC-10 features 
operating pressures to 150 psi and 
closer fingertip control of steam- 
detergent mixtures. Uses steam 
from built-in, high-pressure boiler. 
High velocity jet of hot dry steam 
and solvents is applied as needed. 
Unit is free of low water danger— 
the boiler water itself is the elec- 
tric resistance heating element— 
and if there is no water, no current 
passes and no steam is generated. 
Available for single or polyphase 


MACHINE DESIGN—January 1953 








oe 








OO 








— 


New Machines 





power supply of 220, 440 or 550 
volts, ac. Requires 26 by 17 in. 
floor space; weighs under 200 Ib. 
Livingstone Engineering Co., Wor- 
cester, Mass. 

Measuring Machine: For meas- 
uring the length of electric wire, 
cable, flat strip steel, tape, cordage, 
small hose, plastic products and 
other materials. Measuring wheel 
rides on top of the material. Brake 
stops wheel when material runs 
out. Counter is four-digit reset 
type; direct reading on one dial; 
will record up to 400 counts per 
minute. Model No. 0 measures up 
to and including %4-in. diameter 
naterial; No. 1 measures up to and 
including 114 in. diameter mate- 
rial. Neal Co., Omaha, Neb. 


Hand Engraving Tool: Recipro- 
Tool engraves letters, numbers or 
identification marks on any mate- 
rial of any hardness or with any 
surface finish. Can also be used 
for riveting, filing, burring, peen- 
ing or cutting glass, gaskets, plas- 
tics, shim stock and other mate- 
rials. Delivers 514-lb impact, 7200 
strokes per minute which are ad- 
justable from 0 to \%-in. Positive 
locking device maintains length of 
stroke accurately until reset. Avail- 
able with a variety of hardened al- 
loy-steel bits for materials up to 
Rockwell 50C or with a diamond- 
tipped bit. Features built-in lubri- 
cation, low center of gravity, fin- 
ger grip close to chuck, fingertip 
switch control and electric cord 
leading under operator’s hand. 
S. C. & L. Machine Co., Rockford, 
IM. 


Processing 


Heat Treating Furnaces: Three 
electric high-speed tool steel mod- 
els have operating temperatures 
ranging from 1650 to 2500 F. 
Chamber sizes of 64%, by 4 by 9, 
12 by 8 by 18 and 12 by 8 by 24 
in. are available. Power is con- 
trolled by multiple-tap transform- 
ers arranged for select voltages to 
be applied to the heat elements lo- 
cated at top and bottom of the 
chamber. Tap changing switches 
and ammeters are placed at the 
front of the furnace for operator’s 
convenience. Temperature is con- 
trolled by means of a standard 
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SOLENOID PILOT 
Air Control VALVE 


SMALL ONLY IN SIZE, 
/) LARGE EVERY OTHER WAY! 


Over 20,000,000 cycles 
of life may be confident- 
ly expected. We believe 
ai this valve to be the most 
~, dw tugged ever offered in 
N its class. Valvair's method of sealing prevents wear on seats. 
Models include 2-way and 3-way either normally open or 
normally closed. Orifice sizes: 1/16", 3/32", 1/8"; 1/4” 
pipe tap. Maximum current consumption — 10 watts. For 
air, water, vacuum, oil or inert gases. 


Get new Bulletin ‘‘MD-1’’. 
“ Affiliate: Sinclair-Collins Valve Co. 
VALVAIR CORPORATION + 6.5 seanosiey ave.. AKRON 11, OHIO 
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Pyrometer arrangement. Cooley 
Electric Mfg. Corp., Indianapolis, 
Ind. 

Wet Blasting Machine: Model 64 
Liquamatte for precision cleaning 
and finishing of large and heavy 
pieces. Typical manufacturing and 
maintenance applications include 
forging, die casting and drawing 
dies; glass, plastic and rubber 
molds; surfacing tools, such as 
long broaches before and after 
plating; blending different types of 
finishes on aluminum; removing 
heat treat scale, and deburring. 
Will handle single pieces or loads 
up to 3500 lb. Has two 49 by 36- 
in. counterbalanced doors and a 6- 
ft long accessory tank to receive 
parts from blast chamber for rins- 
ing. Can accommodate two oper- 
ators at one time. Three individ- 
ually controlled abrasive nozzles 
have different sized jets. Pushbut- 
ton controls are located on one pan- 
el near work station. Has vertical 
pump for slurry agitation and re- 
circulation which is adaptable to 
rugged service and eliminates all 
suction piping, valves and fittings. 
American Wheelabrator & Equip- 
ment Corp., Mishawaka, Ind. 


Testing and Inspection 


Profile Projector: For use in au- 
tomotive, aircraft, ball bearing and 
cutting tool industries. 200-in. unit 
features two sets of precision op- 
tics and a horizontal screen of 60- 
in. diameter. Tracings or tem- 
plates can be mounted on viewing 
table. Optics will provide 20 to 
100 times magnification for work 
up to 3-in. diameter; for work up 
to 6 in., 10 times magnification is 
available. Engis Equipment Co., 
Chicago, Ill. 

G-Accelerator: Model C, 8-ft di- 
ameter. Incorporates combined op- 
tical, pneumatic and electrical sys- 
tems for testing aircraft and 
guided missile components. Object 
to be tested is secured to either of 
two symmetrical mounting plat- 
forms on the rotating arm; arm is 
balanced by securing similar mass 
on opposite end. Electrical leads 
and air connections are carried to 
the mounting platform through slip 
rings and a rotary air gland. Test 
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object can be seen as though sta- 
tionary through a telescopic optical 
system which permits close obser- 
vation of the part at any time dur- 
ing testing. Indicating tachometer 
and precision timer, combined with 
a solenoid operated rpm counter, 
measure speed accurately to ap- 
proximately 0.1 per cent, depending 
upon time interval. Controlled 
speeds, adjustable from 5 to 280 
rpm and for developing normal ac- 
celeration forces up to 75g, are at- 
tainable. Machine returns to pre- 
set speed when starting switch is 
actuated. Time required to reach 
full speed from standstill is ap- 
proximately 30 seconds. Maximum 
size of test object limited to 18 by 
18 by 24-in. volume weighing up to 
100 lb. Maximum acceleration 
force is limited to 2000g-lb (100 
lb at 20g, 40 lb at 50g). Size, 
96-in. diameter, 24 in. high, 31 in. 
wide with side sections removed. 
Genisco Inc., Los Angeles, Calif. 

Gear Case Tester: Gear cases and 
related mechanical power transmis- 
sion components may be tested un- 
der full load and full speed by 
“square rig” method, whereby 
power of driving motor is only 5 
to 10 per cent of rated power of 
unit to be tested. Unit works with- 
out supervision and stops automat- 
ically in case of malfunctioning of 
any part. Technical Development 
Co., Philadelphia, Pa. 

Magnifier: Electrically lighted, 
designed for detailed examination 
of materials and products through 
self-contained direct illumination 
on the object. Lens magnifies five 
times and is highly corrected to 
eliminate spherical and chromatic 
aberration and distortion. Has 
wide, flat field. Equipped with 
either of two types of illuminator 
handles, one battery-powered, the 
other for connection with a 110-v 
power source. Bausch & Lomb Op- 
tical Co., Rochester, N. Y. 

Hardness Tester: Capacity, 3-in. 
Features several improvements. A 
and D scales have been added to 
C-B and E scales, making possible 
the testing of very thin sheet steel. 
Has visual means of setting to dif- 
ferent load factors for the different 
scales used, thus preventing mis- 
takes in setting. J. P. Newman 
Co., Alhambra, Calif. 
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REPRINTS 


of outstanding articles from MACHINE DE- 
SIGN are available to help you with your 
design problems. Single copies will be 
mailed as long as the supply lasts. Just 
fill out the coupon below. 

© 


Designing Cams by C. N. Neklutin: An analysis 
of cam profiles, plus a recommended design 
procedure for obtaining higher speed opera- 
tion. June, 1952; 18 pages. 


Engineering for Producibility by Roger W. Bolz: 
Methods of organizing and designing for lower 
production cost through design simplification. 
August, 1951; 24 pages. 

* 
Employing Computer Components in Machine 
Control by F. W. Cunningham: How standard 
computer components can be used to control 
the operation of machines. May, June, July, 
1950; 16 pages. 

* 
Engineering and Shop Relationships by Harold 


A. Bolz: A plan for effective co-ordination 
between departments. December, 1949; 12 
pages. 


o 
Power Brush Finishing by V. K. Charvat and 
R. C. Sasena: Factors in the selection and ap- 
plication of brushes to obtain a specific finish. 
February, 1952; 12 pages. 

s 
Which Fractional-Horsepower Motor? by M. C. 
Lindsten: Considerations in selecting specific 
fractional-horsepower motor drives. June, 
1949; 4 pages. 


Editorial Service Dept., MACHINE DESIGN, Penton Bldg., 
Cleveland 13, Ohio 


Please send me one FREE copy of each of the reprints checked below. 
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FASTENER DESIGN 


Mac-it socket-head screws, providing strength 
without bulk, give lighter weight, streamlin- 
ing, and more secure fastening to equipment 
you design. Whether the design problem in- 
volves standard or special screws, Mac-it will 
add to the appearance, efficiency and per- 
formance of the equipment. Use Mac-it 
Fastener Engineering Service for all problems 
involving screws for any type application. 


MAC-IT PRECISION 


The precision manufacture and quality con- 
trol used in making Mac-it Screws provide 
users with high dimensional accuracy and uni- 
formity All Mac-it Screws in both coarse and 
fine threads are held to a class-3 fit. Mac-it 
maintains a Fastener Engineering Service for 
the design, development and production of 
screws for all types of applications. 


DISTRIBUTOR SERVICE 


Hundreds of Mac-it distributors from coast to 
coast are ready to render immediate service 
in supplying your requirements for standard 
or special screw products. 
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MAC-IT SCREW DEPARTMENT 


STRONG, CARLISLE & HAMMOND COMPANY 
1392 W. 3RD. STREET ~ CLEVELAND 13, On10 
Manufactured by Mac-it Parts Co., Lancaster, Pa. 
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MAYLINE 4-POST TABLES 
Have These Specia/ Features 


© DROP-IN STEEL HINGES 

e SOLID BASSWOOD TOP 

@ RIGID STEEL END CLEATS 

@ PLATFORM TYPE FOOTREST 





INITAVW 


Also: Plan Files and Drawer Units, Auxiliary Drawer Units, 
Stools, Straightedges, T-Squares, Sensitized Paper Dispen- 
sers. Sold through dealers nationally. Write for details. 


ENGINEERING MANUFACTURING CO. 
601 North Commerce Street, Sheboygan, Wis. 
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